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Objectives of this research were to determine effects of LDH enzymatic activity and 
circulating PRL on immune response, growth, composition, and reproduction, and to determine 
the effects of single nucleotide polymorphisms of LDH and PRL on immune function, growth 
and carcass traits, cyclicty, and fecundity of replacement heifers grazing endophyte infected tall 
fescue. Eighty-nine Angus based heifers had physical and ultrasound measurements along with 
blood samples collected at weaning, yearling, and prebreeding. Estrus detection was conducted 
for 10 d post each collection period, except prebreeding. Pregnancy status was verified after AI 
and again after bull removal. Heifers were maintained on tall fescue with corn gluten and free 
choice mineral supplementation. A 48 hr delayed hypersensitivy immune trial was conducted at 
10 mo of age. Activity of LDH (forward and reverse) was correlated to: hormonal and enzymatic 
activities, growth, and carcass traits. Concentrations of PRL were associated with growth 
responses. Single nucleotide polymorphisms of LDH related to: hormonal and enzymatic 
activities, growth, carcass, cyclicity and immune responses. Polymorphisms of PRL related to 
carcass traits, pregnancy status, and MCV of immune response. Canonical correlations found no 
association between LDH activity or PRL concentration to physical set 1 traits of: body weight, 
hip height, and hip width, and subsequently no correlation to set 2 traits of: pelvic height, pelvic 
width, Longissimus dorsi area, and rib fat found in other studies. Environmental impact may 
have obscured anticipated results. Timing and handling appear to be of consideration to recorded 
measurements in regards to hormonal and metabolic connections. Growth, carcass, and other 
hormonal measures taken during the trial correlated amongst each other and immune responses 
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Chapter I: Introduction 
 
Advantageous selection of multiple traits must be considered to improve the overall 
genetic merit of cow-calf production. Herds founded on genetic merit show increased carcass 
qualities that can lead to substantial profit. Replacement heifers are an integral component of 
genetic influx and profitability variance, with those conceiving and calving at younger ages 
yielding greater quantities of product in comparison to later calving counterparts, especially in 
production systems utilizing defined breeding periods (Lesmeister et al., 1973; Ferrell, 1982; 
Nunez-Dominguez et al., 1991). As a result, age of puberty in heifers is a critical element 
affecting production propensity. 
 It is known beef heifers must reach approximately 65% of potential mature body weight 
prior to breeding (Nelson et al., 1982). However, at 57% and 59%, respectively, heifers have 
shown no final pregnancy rate differentials if adequate nutrition was present and remained 
productive herd members longer (Roberts, et al., 2009; Durham, 2011). Choice preference of 
heifers based on body weight alone is not supported as it is not consistent in determining 
nutritional status or fat reserves (Berry et al., 2006) and because attainment of puberty is 
influenced by other factors with decreased vulnerability to environmental impact including 
mature frame size, which is defined by hip height at a specific age indicating potential hip width 
and pelvic dimensions (Hoffman, 1997; Vargas et al., 1999). Furthermore, markers for signaling 
pubertal status in beef heifers, such as molecular measures (insulin, IGF-I, growth hormone) 
have been recognized (Jones et al., 1991), while recent evidence suggests selection for reduced 
feed intake (RFI) increases the number of days to reach age of puberty possibly due to 
influencing leutinizing hormone secretion (Shaffer et al., 2011; Schillo et al., 1992). 
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These molecular and physical identifications allow producers to determine replacements 
both statistically, through expected progeny difference (EPD), and visually. Unfortunately, 
correlation between earlier age of puberty (AP) and increased fertility have often been ignored in 
combination with carcass characteristics in heifer genetics. As a result, lack of ideal replacement 
heifers has become of great concern. New developments within the scientific community have 
begun to offset trait inconsistencies noting composition, growth, reproductive propensity, and 
enzymatic relations, of which current interest focuses on highly heritable lactate dehydrogenase 
(LDH) and the hormone prolactin (PRL) (Brown et al., 2001). 
Objectives of these studies are:  
1. Determine effects of LDH enzymatic activity and PRL quantity present within heifer  
growth, composition, reproduction, and immune function. 
2.  Determine effects of single nucleotide polymorphisms of LDH and PRL on growth, 
carcass traits, reproduction, and immune function of replacement heifers grazing 
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Chapter II: Literature Review 
Lactate Dehydrogenase  
Lactate dehydrogenase is the final cytoplasmic enzyme within the glycolytic pathway 
used to convert pyruvate to lactate when oxygen is not present, and reverses the conversion when 
oxygen is available. Functionality of the zinc containing enzyme relies upon nicotinamide 
adenine dinucleotide (NAD), found as a coenzyme in oxidoreductase reactions, which is 
reformed from the reduced NADH as pyruvate is converted into lactate. This reaction is essential 
for glycolysis to continue under anaerobic conditions. 
 The enzyme can be located throughout bodily fluids of nearly all species including: 
serum, synovial fluids, and excreted matter (Wrobleski, 1958). The molecule is not singularly 
composed, but consists of  a base composition of four subunits derived from two source units, 
the H and M which correspond to types B and A respectively (Markert and Moller, 1959; Cahn 
et al., 1962; Li et al., 1983). As a result of the multiple subunit composition, LDH displays 
various isoenzyme compositions within somatic cells based upon stage of life and hormonal 
balance (Fritz et al., 1973; Wright et al., 1976; Whitt, 1984). 
 Isoenzymes of LDH distinctly include the following, with their unique postnatal and 
normal hormonal balance, construction: LDH-1 (B4), LDH-2 (A1B3), LDH-3 (A2B2), LDH-4 
(A3B1), and LDH-5 (A4). Of these derivations, the A or B primary subunit determines the 
location throughout the body, noting type B primarily within the heart for lactate oxidation of the 
aerobic tissue, while type A is primarily located in the liver and skeletal muscles for pyruvate 
reduction (Markert et al., 1975; Nadal-Ginard, 1978). Further delineation ranks the isoenzyme 
locations dependent upon their activity within body (Higgins, 1999).  High activity locations 




Lactate Dehydrogenase and Immunology 
 Lactate dehydrogenase isoenzyme patterns and quantitative enzyme activity can be 
utilized to determine existing conditions and infer their cause on a per species basis. Prior to 
diagnosis, the pathways and development of immunity in relation to the usefulness of LDH must 
be understood. Immunity is considered the capability of an organism to withstand disease based 
upon infection from the invasion of external pathogenic microorganisms via either adaptive or 
innate means (Baxter, 2007).  
 From the two divisions, the primary mechanism of protection is innate immunity, which 
displays general responses such as inflammation to pathogens. Innate immunity does not rely on 
biological memory, but initiates from cellular divisions of the leukocytes for histamine and 
cytokine release in order to recruit phagocytic cells (Austyn and Wood, 1994). Phagocytic cells 
recruited can either envelope the pathogen (opsonization), secrete toxic proteins leading to cell 
lysis, or destroy impaired host cells in order to stop the pathogen from causing greater damage. 
Innate immunity is believed to be similar in animals of the same species due to inheritance 
(Devereux, 2002).  
 Secondary immunity is denoted as adaptive (active or passive) immunity. Unlike innate 
immunity, adaptive immunity displays three vital characteristics: memory, diversity, and 
specificity. As a result, the host organism is protected against infection of a pathogen once 
exposed, can provide physiological responses to a variety of foreign microorganisms, and has the 
physical capacity to distinguish pathogens from each other for appropriate response (Bonilla and 
Oettgen, 2010). 
 Components comprising adaptive immunity include B and T lymphocytes along with 
antibodies. B cells, established in bone marrow, differentiate into plasma cells to produce 
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antibodies post exposure to an antigen (Male et al., 2006). The T lymphocyte, produced within 
the thymus, distinguishes into either cytotoxic T cells or one of two types of T helper cells (Th1 
or Th2) after antigen exposure (Constant and Bottomly, 1997). At this time it is not clear exactly 
how the types of cells are activated though it is widely accepted and known that each possesses a 
distinct receptor for a specific antigen believed to be generated through processes described by 
the Clonal Selection Hypothesis described by Burnet (1957).  
 Acquired immunity further divides into cell-mediated and humoral immune responses. 
Humoral immunity is briefly attributed to the B cell production of antibodies after being 
transformed into plasma cells through stimulation by an antigen carrying cell (Janeway et al., 
2001). In contrast, more to the desired effects of LDH, cell-mediated immunity focuses on the 
activation of T lymphocytes as cytotoxic cells to induce cellular apoptosis through recognition of 
viral major histocompatibility complex (MHC) presented peptide antigens and natural killer cells 
to destroy microbial activity within phagocytic and non-phagocytic cells (Murphy et al., 2007).  
 Determination of cell-mediated immunity reaction involves the Type IV Hypersensitivity 
also referred to as Delayed Type Hypersensitivity (DTH). The DTH reaction measures the 
damage to localized tissue areas from macrophages and T lymphocytes resulting in a variety of 
reactions such as eczema, swelling/inflammation, or in extreme cases hardening of the tissue 
depending upon the antigen encountered (Gell and Coombs, 1963; Rajan, 2003). In concordance 
with the Mantoux test, the basic amount of time for reaction to present a response is 24-48 hours 
post antigen introduction (Abbas et al., 2009). Increased, or continual, exposure can delay the 
appearance of the reaction and result in a classical granuloma (Male et al., 2006).  
 Thus, the multiple amounts of circulating LDH can be used as a diagnostic tool for pre-
existing or current conditions as it is released when cells are destroyed. However, as a result of 
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the variant isoenzymes, the term lactate dehydrogenase is all encompassing, and when viewed 
from a diagnostic point poses little relevance. In order for a superior diagnostic result the specific 
lack or elevation of isoenzyme must be considered as well as the species within the proposed 
scenario as LDH isoenzyme patterns and quantity vary within related plasma (Arai et al., 2003; 
Tanaka et al., 2006). For example, LDH-1 and LDH-2 dominate in the livers of ruminant species, 
whereas by comparison dogs and cats display LDH-4 and LDH-5 (Keller, 1974; Washizu et al., 
2002; Arai et al., 2003). Species variation is believed to be dependent upon the base diet 
(herbivore vs. carnivore) of the species, as well as whether the main energy source is from 
glucose or bacterial products of fermentation (Sako et al., 2007).   
Further evidence, for diagnostic use, displays heightened quantity of LDH as an indicator 
specific conditions including retained fetal membranes during late gestation and mastitis within 
dairy cattle (Dutta & Dugwekar, 1982; Pandey et al., 2007, Kato et al., 1989; Larson, 2005). 
Lactate dehydrogenase isoenzyme patterns of milk samples have been shown to alter due to the 
particular agent of infection (Bogin et al., 1977; Kato et al., 1989; Hiss et al., 2007). As a 
functional perspective for human subjects, elevated levels of LDH-1 are seen in myocardial 
infarction and kidney disease (Kang et al., 1991). High levels of LDH-2, LDH-3 are associated 
with lung diseases and certain tumors, while elevated LDH-4 and LDH-5 with pancreatitis and 
liver/skeletal muscle diseases respectively (Pagana, 1998).  
Molecular Genetics and Influence of Lactate Dehydrogenase on Growth & Composition 
  
 Phenotype is the expressed physical observation of allelic combinations and 
environmental influences. Phenotypic expression of traits are often determined in importance 
based upon their economic benefit, including common traits as muscling patterns, quality grade, 
and overall yield. Today molecular genetic advancements have led to the recognition of 
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segments in the genetic code which are of economic viability adding a tool as to which mating 
pairs will create high valued offspring (Van Eenennaam, 2007). 
 Currently, nineteen marker panels are commercially validated and viable based upon the 
National Beef Cattle Consortium (NBCEC, 2009), of which, fourteen are produced through the 
Merial Igenity corporation while Zoetis promotes three and MetaMorphix Inc. display two for 
trait prediction. To function, panels target specific gene segments composed of protein molecules 
based off of nucleotide chains with linear directionality. In each segment, basic biology 
determines a three nucleotide code for a specific amino acid to be produced once the initial gene 
has been transcribed into messenger RNA (mRNA), which subsequently endures the process of 
translation on a ribosome within the cytoplasm.  Alterations or mutations of these intended 
nucleotide sequence are as common as 1 in 1000 base pairs (Brookes, 1999) and can affect the 
amino acid sequence and operational usefulness of the protein (Brooker et al., 2007).  
 Changes within base sequences fall into one of two categories: base substitution (point 
mutation) or frameshift mutation. Severity of the resulting base change is based upon the 
specificity of the sequence for the amino acid. For example, a conversion from the nucleotide 
sequence of two cytosine (purine) bases and one guanine (pyrimidine) base of CCG to three 
cytosine (purine) CCC bases will be considered silent as the amino acid proline is coded for by 
either sequence (Berg et al., 2012). However, other single nucleotide polymorphisms (SNP) can 
demonstrate more dramatic effects. 
 Recent studies have shown SNP sites of LDH can be effective in determining 
performance in a range of vital traits. Examples include SNPs at positions 669 and 618 of the 
LDH B loci and those at positions 390 and 540 of LDH A loci related to calving weight (birth 
and weaning), milk production, and calf height at weaning respectively (Rosenkrans, 2009; 
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Williamson et al., 2010). Single nucleotide polymorphisms of LDH B reveal effects on the 
hormone IGF-I at position 348, while a SNP at base position 261 affected follicle size (Alaamri, 
2002). Additionally, LDH A SNP sequences have shown susceptibility to fescue toxicosis, while 
determining calving rate of animals noting those with a 72% chance versus those of a 44% 
chance (Rosenkrans, 2002).   
Single nucleotide polymorphisms of LDH can also be economically valuable in the 
composition of beef animals based upon their isoenzyme pattern. Backfat thickness related to 
isoenzymes LDH-1 and LDH-3 have shown usefulness in predicting calves ability to grade 
USDA choice (Paria et al., 1997). In tandem, with carcass grading, European influence 
demonstrates the LDHB gene having a highly negative correlation on beef tenderness in the 
Semitendinosus muscle (ST) (P < 0.001) though not in the Longissumus thoracis (LT) muscle, 
possibly due to dissimilarity in their metabolic pathways (Gagniere et al., 1999; Guillemin et al., 
2011). These data concurred with data signifying LDH activity increases within the ST muscle of 
Charolais fetuses from 180 days post conception to 210 days post conception, indicating in vivo 
metabolic and muscle contractile properties can be determined in cattle (Jurie et al., 1995; Picard 
et al., 2003; Chaze et al., 2009). 
 Reverse activity of the LDH enzyme in serum displayed affects on both carcass yield and 
quality in which heifers with lower amounts of activity graded Choice when judged against 
calves grading Select (Flores et al., 2005). May (2004) found similar results in calves at weaning. 
Breed response has shown that for male Limousin cattle LDH activity is associated with muscle 






Prolactin Structure and Function 
 A single chain 198 amino acid hormone belonging to the cytokine family, PRL originated 
from a division between a universal familial gene between itself and growth hormone  
approximately 400 million years ago (Guyton and Hall, 2006; Miller and Eberhardt, 1983). The 
overall structure is comprised of three substructure levels: primary, secondary, and tertiary. The 
secondary structure is organized into nearly a 50-50 split between alpha helices and loops 
(Freeman et al., 2000).  
      The third level is speculated to be similar to growth hormone, with four alpha helices 
arranged two up to two down. Attachment of the helices, determined by nuclear magnetic 
resonance, is anti-parallel with the first bound to the fourth and the second to the third (Keeler et 
al., 2003). This attachment style is comparable of the Greek Key seen in the beta pleated sheet. 
The alpha helix composition provides for variation from the other types of secondary 
structures: the beta helix and beta pleated sheet. Alpha helices are “right handed” with their 
torsion angles located in the third quadrant of the Ramachandran Plot, with linear displacement 
of 1.5 Aº, with 3.6 residues per turn. It is this favorable organization that provides 
thermodynamic stability and, in contrast to the β pleated sheet, flexibility, leading to the 
biologically active form of prolactin. 
            Once biologically active, prolactin holds multiple roles within species. The first well-
known linked functions are inducing lactation and mammary development. Prolactin has also 
been indicated in reproduction with the finding of PRL receptors in the granulosa and corpus 
luteum of cattle (Poindexter et al., 1979; Lebedeva et al., 2001). Studies within mice have 
revealed this further when those with non-functioning PRL receptors display atypical luteal 
function and in turn are unable to conceive (Bole-Feysot et al., 1998).  
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            Other reproductive responses are within prolactin like factors found in the placenta and 
uterine tissues (Linzer and Fisher, 1999). These factors, just as the PRL sequence, vary in their 
conservation and likeness to the actual hormone. In the human species, the factor holds no 
discernible difference from PRL produced by the anterior pituitary, yet, in rodents the factor 
shows noticeable variation (Gu et al., 1994). Exact roles these contribute to is not known, but 
they are believed to act as immune or maturational in nature for a developing embryo 
(Handwerger et al.,1992; Johnson et al., 1985). 
            Further roles understood to have anterior pituitary PRL involvement include behavioral 
responses and immune functions. Current studies eliciting responses from the rodent model 
indicate prolactin elicits maternal behavior through the STAT5 pathway (Sjoeholm et al., 2011). 
This is thought to be accomplished by affecting receptor sensitivity of the supraoptic nuclei and 
the paraventricular nuclei. 
             Immune function is due to stimulation of natural killer cells, macrophages, and 
neutrophils respectively (Kooijman et al., 1996). However, Bouchard et al. (1999) found animals 
with prolactin or prolactin receptor malfunctions had normal immune responses, making 
prolactin appear trivial in importance to immunology. Dorshkind and Horseman (2000) 
contradicted Bouchard determining growth stunted mice with PRL abnormalities, when placed 
with normal sized mice, showed immune deficiencies. Prolactin is now believed to trigger 
immune response to perceived stress in order to inhibit glucocorticoid responses affecting the 
hippocampus allowing for maintenance of homeostasis (Dimitrov et al., 2004; McEwan, 2007). 
Problems with Prolactin in Response to Endophyte-infected Tall Fescue  
Tall fescue [Lolium arundinaceum (Shreb.)], is a native European forage believed to have 
been introduced to the United States as a contaminate within a meadow seed shipment during the 
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late 1800’s (Buckner et. al., 1979; Hoveland, 2009). An initial nuisance, the forage gained 
popularity throughout the 1940’s and 1950’s for its tolerance to environmental stress, hardiness 
in wide range of soils, and ease of establishment. As a result over 35 million acres of tall fescue 
is grown in the United States ranging from the lower Midwest to the east coast, sustaining over 
8.5 million beef cattle, making it one of the most important pasture grass cultivars for production 
purposes (Ball et. al., 2007). Much of the fescue within the United States is infected via 
intracellular endophytic fungus (Neotodyphodium coenophialum) that produces ergot alkaloids 
(Bacon et al., 1977) allowing for the distinct features of the plant, including: increased 
germination rates; increased survival in drought conditions; and resistance to pests including root 
nematodes (Pinkerton et al., 1990; DeBattista et al., 1990; Welty et al., 1991).  
The symbiotic relationship, between plant and fungus, leads to a multitude of ailments 
collectively described as fescue toxicosis attributed to the alkaloid ergovaline, that causes 
lingering and continuous vasoconstriction (Strickland et al., 1994). Ailments present in one of 
three forms: fescue foot, bovine fat necrosis, or generic fescue toxicity often referred to as 
“summer slump.” It is the latter of two that concerns developing heifer cyclicity and fertility 
under intense production the most.  
Fat necrosis, characterized by the development of hard fat depositions within the 
abdominal cavity causes abrasions and constriction of the intestinal tract to the rectum leading to 
poor digestion and difficult calving. In contrast, fescue toxicity leads to vasoconstriction 
resulting in: elevated respiration and temperature; inability to shed hair coat; reduced weight 
gains and milk production; poor heat tolerance; and lowered conception rates (Schmidt et al., 
1982; Strickland et al., 1993). Reduced conception is attributed to the inability to maintain 
adequate body condition and decreased uterine and umbilical blood flow (Schmidt et al., 1986; 
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Looper et al., 2010; Dyer, 1993). Problems associated with lack of blood flow are exascerbated 
by heat stress at temperatures greater than 32ºC resulting in oxidative stress causing early 
embryonic death and restrained follicular growth (Matsuzuka et al., 2005; Ozawa et al., 2005). 
Economic impact associated with these losses has increased from $600 million annually to in 
excess of $1 billion per year (Hoveland, 1993; Strickland et al., 2011). 
        Another physical notation with cattle maintained on endophyte infected tall fescue (E+) is 
reduced PRL concentration within the blood serum.  Endophyte infected tall fescue limits release 
of this hormone because alkaloids stimulate the release of the catecholamine neurotransmitter 
dopamine from the anterior pituitary to block PRL receptors (Lamberts and Macleod, 1990; 
Porter and Thompson, 1992; Youngblood, 2004). Under normal circumstances, the regulation 
between the dopaminergic system and PRL is considered a short loop feedback functioning to 
maintain homeostasis of PRL unless greater concentrations are needed (i.e. final trimester of 
pregnancy, induced stress) (Hnasko, 2001).  
 At this time, suggested practice for producers to solve reproductive problems attributed to 
E+ is to only graze animals on it during winter months, unless bred to calve during this time. A 
more realistic ideal would be to dilute the toxicity of the stand and maintaining a grazing 
pressure that does not kill less persistent forages. Anderson (2002) suggests animals should be 
removed 30-90 days prior to calving, a concept utilized with mares in foal. Timed removal from 
fescue would allow alkaloids to clear the system and re-instate balance within the PRL control 
before the normal seasonal peak. Weight gain problems have been suggested to be offset through 
nutritional supplementation with niacin, though at this time compensations have not been 




Molecular Genetics and Prolactin 
 Prolactin secretion (excess), or lack thereof, causes multiple problems within the body.  It 
has been proposed that PRL could be an evolving feature in the progression of breast cancer 
(Bonneterre et al., 1987). Wennbo et al. (1997) confirmed this theory finding rats overexpressing 
PRL were found to have abnormal mammary tissue.  
Studies focusing on human models found overexpression of PRL often results in patients 
presenting with depression and osteoporosis (Halbreich and Kahn, 2003). Therapeutic treatments 
for PRL problems are being considered, but often throw other hormonal and physical responses 
out of balance including insulin resistance and weakened growth hormone release (Melkersson et 
al., 1999). Exchange between problems is nearly dependent on a patient to patient basis. Thus, 
genetic influence has become of greater concern to determine why individuals have greater 
tolerance to PRL concentrations and environmental conditions affecting it. 
 In livestock, Brym et al. (2005) found SNP at bp 8398 influenced milk yield and fat 
content. Animals homozygous for the published allele showed the highest fat content, while 
animals heterozygous had the highest milk yield. The base alteration was silent regarding 
expression of amino acid in protein sequencing. 
Prolactin genotypes of the promoter region have influence on high demand traits in the 
beef industry. Specifically, base alterations at positions -1286 (cytosine to thymine transversion) 
and -1167 (adenine to guanine transversion) impacted lifetime calving rates for animals on 
endophyte infected tall fescue (Looper et al., 2010). The same study revealed calves from 
heterozygous dams at bp -1167 were heavier and taller at weaning.  
Promoter SNP CHBP 2 affected milk, fat, and protein yield in dairy cattle according to 
He et al. (2006). Further results found CHBP 2 linked to a CdxA site which is a common 
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promoter element in the promoter region of PRL in other species (Bajic, 2004). CdxA, a 
homeobox gene, is implicated in axial determination during transition from the blastula to the 
gastrula (Hiramatsu and Yasugi, 2004). Mechanisms for their association are now being 
determined. 
Summary 
 Due to the current agricultural and universal economic climate, producers must ask 
themselves if raising a replacement heifer, the cost of which approximates to $1,012 (Hughes, 
2010), is feasible.  If feasible, focus turns on profitability regarding reproductive capability, 
which has been difficult to determine, until now. Lactate dehydrogenase is showing the potential 
to genetically quantify essential carcass and growth, while PRL targets optimal maternal 
characteristics.  
 As a result, from enzymatic and hormonal concentrations, producers could profit by 
maintaining their own, environmentally adapted heifers and allow for quicker demarcation of 
culls reducing maintenance expense while increasing opportunities for quality meat market sales.  
Cattlemen whose herds produce a greater quantity of heifers than needed have the select 
opportunity to enter renowned sales, where physical requirements as pelvic dimension and 
composition, would be made mere formalities, as seen within Angus heifers where negative 
correlations of LDH activity at weaning are associated with larger pelvic dimensions and in cows 
during the last trimester, promote larger birth weight calves (Looper et al., 2002; Looper et al., 
2008; Ferrell et al., 1976). In turn, stock could be dispersed to prominent buyers, at rates 
increasing per head at regulated sale intervals ($1,401.00 – 2009, $1,460-2010, $1,764.00-2011-
Fruitland Livestock Auction, May sales excerpts, MO Dept. of Ag USDA Market News). This 
would benefit the $37 billion dollar industry that anticipates steady production increase (20% of 
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global market production in 2012 at an estimated 11,463 metric tons) while global demand for its 
products rises 5% (Foreign Agricultural Service/USDA Office of Global Analysis, 2011). 
Genetic results of the LDH marker could allow large producers to take advantage of 
economies of scale, while smaller producers could purchase heifers of significantly greater 
quality, leading to retained calf ownership in feedlot scenarios and higher prices for similarly 
grouped offspring. Genetic markers of PRL could promote use of basic forage feed sources to 
reduce costs of an input that composes 50-55% of a developing heifer by 41% total or 34% per 
kg of gain when compared to concentrates (Durham, 2011; Berthiaume et al., 2006). However, 
fluctuation in measure and qualitative value of the forage must be considered in influencing 
physical productivity of cattle (Brown et al., 1993, Obeidat et al., 2002). 
Financial gain, depending upon the market, could increase by up to $8 per head seen in a 
single unit increase (6-7) for marbling, a factor of tenderness, when sales are promoted on the 
grid (quality x yield) (Devuyst et al., 2011). Furthermore, retail sales have the prospect to 
escalate, as studies have shown consumers are willing to pay a maximum of $4 per lb. for tender 
steaks, with a price average of $1.58 a lb. (Lusk et al., 2001; Van Eenennaam et al., 2007). Prices 
were based on consumer perspective of both value and quality which LDH is related (Huffman et 
al., 1996 and Miller et al., 2001).  
Therefore, evaluation of replacement heifers has the ability using LDH and PRL analysis 
to lead to greater efficiency of resources. Evaluation has the latent ability to enhance economic 
growth of sales. Further studies evaluating these impacts, starting with a heifer basis focusing on 
LDH and PRL markers will provide greater genetically correlated evidence supporting the use of 
introductory technology for practical production with minimal expense to revolutionize the 
method in which heifers are marketed. This will lower the risk of keeping inferior stock in a 
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fluctuating, fastidious market driven by numerous factors.  Animals would then be able to 
complete their purpose in calving and “producing the most beef of the best quality with the least 
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Chapter III: Relationships of Activity and Polymorphisms of Lactate Dehydrogenase and 




Objectives of this research were to determine effects of lactate dehydrogenase (LDH) 
enzymatic activity and circulating prolactin (PRL) on growth, composition, and reproduction; 
and to determine the effects of single nucleotide polymorphisms of LDH and PRL on growth, 
carcass traits, cyclicity and fecundity of replacement heifers grazing endophyte infected tall 
fescue. Angus based heifers (n = 89), maintained on tall fescue with corn gluten and free choice 
mineral supplement, had physical and ultrasound measurements with blood samples collected at 
weaning (d0), yearling (d108), and prebreeding (d177). Estrus detection was conducted for 10 d 
post each collection, except prebreeding. Pregnancy status was verified after artificial 
insemination (d 203) and again after bull removal (d 272). Genomic DNA prepared from buffy 
coat was sequenced for single nucleotide polymorphisms using Sequenom technology. Lactate 
dehydrogenase activity (forward and reverse) was determined from plasma stored at -20ºC. 
Forward and reverse activity were run in triplicate and measured at 340nm. Prolactin and other 
hormonal concentrations, processed through New Mexico State University, were determined 
from serum stored at -20ºC. Enzymatic activity of LDH (forward and reverse) correlated to: 
hormonal and enzymatic activity, growth, and carcass traits. Concentrations of PRL were 
associated with growth responses. Single nucleotide polymorphisms of LDH were related to: 
hormonal and enzymatic activities, growth, carcass traits, and reproductive measures. 
Polymorphisms of PRL were related to enzymatic and hormonal activity, carcass traits and 
pregnancy status. Canonical correlations found no association between LDH activity or PRL 
concentration to physical set 1 traits of: body weight, hip height, and hip width, and subsequently 
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no correlation to set 2 traits of: pelvic height, pelvic width, Longissimus dorsi area, and rib fat 
found in other studies. 
























 Raising replacement heifers is essential in order to be an economically sustainable beef 
producer. These animals must be complete in order to calve the next generation of well rounded 
stock whether destined for breeding or slaughter. Heifers retained must not only be able to 
produce marketable offspring, but have longevity to reduce turnover rate in a herd. Enzymatic 
and hormonal concentrations with genotypic associations are showing promise in selecting these 
females.  
Lactate dehydrogenase is associated with beef cow to calf measurements (Looper et. al., 
2008). The final glycolytic enzyme in utero is associated with muscle development in bulls 
(Brandstetter et al., 1997) and has been an accurate predictor of muscle fatty acid composition 
(Thurlow, 2006). Flores et al. (2005) found LDH to be viable in predicting USDA carcass grade 
despite gender or breed influence.   
Cattle muscle to bone ratio (MBR) is now being investigated. Double muscled steers 
have less bone in comparison to normal steers (Dumont et al., 1982). The MBR is of importance 
in determining length of time to feed out cattle before grid sales would be most profitable. The 
relationship of LDH to muscle and fatty acid composition may indicate skeletal relationship 
further when considering general growth patterns.  
       Prolactin, attributed to mammary development and milk secretion, has recently been 
attributed to luteul function and conception (Bole-Feysot et al., 1998). Receptors for the hormone 
are found within the granulosa and corpus luteum of cattle (Poindexter et al., 1979; Lebedeva et 
al. 2001). Tall fescue often blocks the release of this hormone by allowing dopamine to block 
prolactin receptors. Animals with desirable genotypes may be able to overcome the effects of 
ergot alkaloids and use this forage source to reduce input costs of growth.  The objectives of this 
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study are: determine effects of LDH enzymatic activity and PRL quantity present within heifersb 
on growth, composition, and reproduction; determine effects of single nucleotide polymorphisms 
(SNP) of LDH and PRL on growth, carcass traits, and reproduction of replacement heifers 
grazing endophyte infected tall fescue. 
Materials & Methodology 
All animal procedures within this study were approved by the University of Arkansas 
Animal Care and Use Committee (Protocol #10013) or the Committee of Animal Welfare, 
University of Arkansas Beef Farm. 
Animal management  
Angus based heifers (n = 89), weaned May 14th of 2012 (d0), used for this trial were 
located at the University of Arkansas Beef Farm in Savoy, AR. Animals displaying severe 
physiological unsoundness or disease were culled prior to initiation of the testing phase. 
Remaining cattle were managed for optimum body condition (BC) with scoring based on the 1-9 
scale, where 1 = emaciated and 9 = obese (Richards et al., 1986). Heifers were maintained on 
endophyte infected tall fescue [Lolum arundinaceum (Shreb.)] and native grasses with free 
choice access to Pasture Mineral + Mag (Tri State Agri. Services, L.L.C, Afton, OK). Dry corn 
gluten feed was provided in the a.m. and hay provided when pasture growth was not adequate to 
support nutritional requirements.  
Heifers were vaccinated with a booster shot at weaning for Infectious Bovine 
Rhinotracheitis (IBR), Parainfluenza 3 (PI3) and Bovine Viral Diarrhea (BVD) (Pyramid 10®, 
Boehringer Ingelheim, St. Joseph, MO). They also received a 7 way clostridial booster (Alpha 
7®, Boehringer Ingelheim, St. Joseph, MO). On d16 of the trial, heifers were dewormed with an 
oral drench (Synanthic®, Boehringer Ingelheim, St. Joseph, MO). On d77 of the trial, animals 
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were vaccinated for Brucellosis and had an insecticide applied to control horn flies 
(StandGuard®, Elanco Animal Health, Greenfield, IN). Final deworming and horn fly control of 
cattle during the trial occurred on d127 (Cydectin®, Boehringer Ingelheim, St. Joseph, MO). 
Physiological Measurements & Pubertal Evaluations 
 Ultrasonography data was taken on d0, d108, and d177 of the trial in accordance with 
procedures approved per the Beef Improvement Federation Guidelines Ninth Edition using the 
Aloka 500 V (Corometrics, Wallingford, CT) (Aiken, et al. 2004; Beef Improvement Federation, 
2010). Compositional measurements focused on the Longissimus dorsi area (LA), rump fat (RF), 





 rib. Rump fat was determined based upon scans between the hooks and the pins. Rib fat 





 rib over the LA.   
Further data incorporated consisted of physical dimensions and characteristics charting: 
hip height, hip width, pelvic height, pelvic width, coat score, and chute score. Physical 
dimensions were obtained using the sliding caliper for hip height and width (Brown et. al., 1983) 
and the Rice Pelvimeter (Lane Mfg., Denver, CO), by which measurements were done via the 
rectum as described by Looper, et al. (2002). Coat and chute scores were assessed using a 1-5 
scale as described by Turner and Schleger (1960) and Grandin (1993). Physical dimensions were 
recorded at intervals of three months (weaning, 12, and 15 months respectively) on d0, d108, & 
d177 of the study. 
Post collection of physical measurements, heifers were monitored twice daily over a 
period of 10d for signs of estrus including, but not limited to: standing for mounting, attempting 
to mount other cattle, unusual excitable or nervous behavior, vulva swelling and reddening, and 
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clear vaginal mucous discharge. Additionally, Heatmount detectors (Kamar, Zionsville, IN), 
attached to each individual, via adhesive at the sacrum, were used to aid in determination of 
animals in estrus during those periods. False mounting behavior was offset in determination of 
estrus by employment of a timing mechanism requiring three seconds of firm pressure from the 
mounting subject’s brisket to adequately change the coloration of detector. Ear tag numbers were 
written on each detector for identification purposes should the detector be removed from the 
animal. 
In order for additional validation of estrus detection observations, progesterone levels 
were procured from serum collected in red topped vacuum tubes (Vacutainer, Becton Dickinson, 
Inc., Franklin Lakes, NJ) on d0 and d108. Samples were processed through New Mexico State 
University (Las Cruces, NM). Animals whose concentration was equal to, or above, 1 nanogram 
were noted for truly being within estrus. Samples were also measured for prolactin and cortisol 
concentrations.  
Reproductive tract scores were taken on d 177. Heifers were then allocated to two 
reproductive trial divisions. Genotypes and average pen weight were equal between divisions. 
Heifers in each treatment received a progesterone (P4) vaginal insert for 14 d (EAZI-Breed 
CIDR®, InterAg, Hamilton, NZ; 1.38 g progesterone), an injection of 2cc (5mg/ml) GnRH 
(Factrel®, Fort Dodge Laboratories, Fort Dodge, IA) on d 193, and an injection of 5cc 
(50mg/ml) PGF2α (Lutalyse®, Pharmacia and Upjohn Company LLC., Kalamazoo, MI) on d 
200. Heifers in treatment 2 received an additional injection of PGF2α on d 184.  
All heifers were monitored twice daily during the 96 h (d 200 to d 203) following the 
final injection of PGF2α for onset of estrus. Heifers were artificially inseminated with X sorted 
semen 12 h after estrus detection. Heifers that had not responded to treatment at the end of 96 h 
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(d 203) were given a second injection of GnRH and bred using non-sorted semen by timed 
artificial insemination. Cleanup bulls were turned in on d 204 until d 246. Pregnancy status was 
determined by transrectal ultrasonography (5 MHz transducer, Aloka 500 V, Corometrics, 
Wallingford, CT) performed on d 272.  
Blood Collection, DNA Extraction, and Sequencing 
Jugular blood samples were collected on d 0, d 108, and d 177 using purple top vacuum 
tubes containing the anticoagulant EDTA (Vacutainer, Becton Dickinson, Inc., Franklin, NJ). 
Samples were maintained on ice until returned to the lab for centrifugation. Samples were further 
cooled to 5ºC before being centrifuged at 1300g for 30 min. Immediately following, plasma was 
decanted and buffy coats harvested. Buffy coats and plasma were stored at -20ºC. 
Genomic DNA was extracted and purified using the Puregene DNA Purification Kit 
(Qiagen, Valencia, CA) per manufacturer’s instructions (Appendix A). A Qubit 2.0 Fluorometer 
(Invitrogen, Eugene, OR) was used to quantify DNA after purification. Stock samples were 
diluted to 20ng before sequencing. Sequencing of LDH and PRL genotypes was completed using 
Sequenom technology (Washington University, St. Louis, MO). 
Lactate Dehydrogenase Analysis 
Lactate dehydrogenase enzymatic activity (forward and reverse) was determined from 
plasma that had been stored at -20ºC using reagents targeting the respective pathways following 
the procedures of Vanderlinde (1985). LDH forward activity used NADH (Amresco, Solon, OH, 
Lot # 0261C439), pyruvic acid (Sigma Aldrich, St. Louis, MO, Lot #45H13565), and phosphate 
buffer of pH 7.5. Reverse activity used NAD+ (Amresco, Solon, OH, Lot # 2752C101), sodium 
l-lactate (Alfa Aesar, Ward Hill, MA, Lot # K08X029), and phosphate buffer of pH 8.9. Samples 
were run in triplicate using SOFTmax Pro software version 1.2.0 (Molecular Devices, 
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Sunnyvale, CA) and measured at 340nm using the SpectraMAX 250 spectrophotometer 
(Molecular Devices, Sunnyvale, CA). Forward activity was recorded at intervals of 1 minute 
apart and reverse activity at intervals of 30 sec. Inter and intra plate coefficients were recorded.  
Statistical Analysis 
Pearson correlations were used to measure relationships between growth, carcass, 
reproductive, hormonal, enzymatic, and temperament indicators taken at weaning, yearling, and 
prebreeding. The PROC GLM procedure of SAS (SAS Inst. Inc., Cary, NC) was used to 
determine effects of date, SNP, and SNP by date upon growth, carcass, reproductive, hormonal, 
enzymatic, and temperament indicators. PROC LOGISTICS was used to determine relationship 
of date, SNP, and SNP by date upon cyclicity and pregnancy. The FIRTH correction was used to 
offset quasi-nonconvergence. RSQ and LACKFIT were done to find r square for the final model 
and perform the Hosmer- Lemeshow test. Canonical correlations were used to determine linear 
combinations within a set group of variables that maximally correlated with a linear combination 
of a second defined set of variables. Set 1 included: body weight, hip height, hip width, and 




 Presented in Table 1 are the means and standard deviations for heifer age and traits 
measured. Data shows heifers had moderate growth rate postweaning at yearling and prebreeding 
(0.62kg/d and 0.48kg/d respectively). 
 Pearson correlation coefficients among measured traits during each of the three collection 
dates are presented in Tables 2 through 4. All parameters, with the exception of chute and coat 
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scores, were correlated with each trait. Correlations between external and internal dimensions 
ranged from -0.22 to 0.92. Prebreeding measurement correlations to weaning and yearling 
growth, carcass, and temperament indicators (Tables 5, 6, and 7) indicate final measurements of 
performance traits, were correlated with each trait. Chute and coat scores were again exceptions 
with only coat score correlating to any physical dimension. 
 Presented in Tables 8 and 9 are pearson correlations between enzymatic and hormonal 
activity to measured traits. Cortisol was correlated to PW at weaning (r = 0.22, P < 0.05). 
Prolactin was negatively correlated with CT (r = -0.20, P < 0.05). Yearling HH was correlated to 
LDHr (r = 0.24, P < 0.05). Prolactin was associated with coat score again (r = -0.28, P < 0.01). 
Progesterone correlated to yearling PW and RF (r = 0.18 and r = 0.21, respectively. P < 0.05).  
 Prebreeding activity of LDHf correlated to PW, CT, and LA (r = 0.22, r = -0.21, r = 0.21, 
P < 0.05). Rump fat correlated to LDHf activity at prebreeding (r = 0.21, P < 0.01). Prebreeding 
enzymatic activity was further correlated to measurements at weaning and yearling (Table 10). 
Forward LDH activity correlated to yearling pelvic width (r = 0.21, P < 0.05) and tended to 
correlate to coat score at weaning (r = -0.19, P < 0.08). Yearling HH also tended to correlate to 
LDHf  (r = 0.15, P < .15). Prebreeding reverse activity tended to correlate to weaning chute score 
and pelvic width at weaning (r = 0.16 and r = 0.15, P < 0.15). 
 Presented in Table 11 are Pearson correlation coefficients among enzymatic and 
hormonal activity at each collection. Cortisol correlated with circulating prolactin and 
progesterone at weaning (r = 0.24 and 0.47, P < 0.05). Yearling cortisol correlated to prolactin (r 
= 0.40, P < 0.05). Reverse LDH activity tended to be positively correlated with LDHf at weaning 
(r = 0.16, P < 0.15), though negatively correlated at prebreeding (r = -0.21, P < 0.05). 
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Progesterone concentration tended to be negatively correlated to LDHr at weaning (r = -0.17, P < 
0.15). 
Canonical Correlations 
 Data in Table 12 indicates LDHf activity was not significantly correlated to other 
parameters within Set 1 at weaning or yearling. Prebreeding activity within Set 1 shows a 
positive moderate correlation to other measures (r = 0.28) where the variate held a high r
2 
value 
(0.79) and significance (P < 0.0001). 
 Canonical correlations between Set 1 and Set 2 variables indicated LDHf was lowly 
correlated to dependent traits at weaning regardless of variate (Table 13). Yearling LDHf 
remained lowly correlated to dependent traits, but was a contributing factor in the second and 
third variates (Table 14). The third variate was not significant. Canonical correlations between 
sets at prebreeding (Table 15) indicate LDHf was moderately related to dependent traits (r = 
0.25) in the first variate which held the only significance (P < 0.0001) confirming findings in 
Table 12. Prebreeding LDHf canonical correlations of Set 1 to weaning and yearling dependent 
traits were low (Tables 16 and 17).  
 Reverse LDH activity (Table 18) shows highly negative correlation (r = -0.52) within the 
second variate at weaning. The second variate has moderate r
2
 value (0.20) with significance (P 
<0.01). Reverse activity held no significance within the initial weaning, yearling, or prebreeding 
variates.  Canonical correlations of Set 1 and 2 variables were negatively moderate in variate two 
of weaning (r = -0.23). Initial weaning, yearling, and prebreeding variates were otherwise lowly 
correlated to LDHr (Tables 19-21). Canonical correlations of prebreeding LDHr to weaning and 
yearling dependent traits remained low (Tables 22 and 23). However, in variate three of 
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prebreeding to yearling, LDHr is the primary contributor in correlation strength indicating a 
possible connection to RBFAT when viewed with correlations between Set 2 to Set 1. 
 Canonical correlations of Set 1 for PRL (Table 24) were only valued in the second 
variates at weaning and yearling (r = -0.38 and r = 0. 49, respectively). Both variates were 




 = 0.15 and r
2
 = 0.22, respectively).  
Canonical correlations of PRL (Tables 25 and 26) were lowly between Set 1 and Set 2 
components. However, PRL was a contributing factor in the second variate for both weaning and 
yearling, along with HW. Both of the variates were significant (P < 0.01).  
Genotypic Relationships 
Lactate Dehydrogenase B Genotypes 
 Five SNPs appeared in the LDHB promoter and coding sequences (Table 27). Results 
indicate SNP G163A affected the most traits (Table 28). Animals homozygous for the major 
allele (GG) had increased body weight (BW), hip height (HH) at weaning, hip width (HW), 
pelvic height (PH), and pelvic width (PW) compared to heterozygous heifers (P < 0.05 and P < 
0.0001*). Homozygous GG heifers tended to have larger final LA (P < 0.15). 
 Heifers homozygous for the minor allele (AA) occurring at bp 348 (Table 29) had larger 
pelvic width as yearlings and larger pelvic height at prebreeding (P < 0.05 and P < 0.10 
respectively). Rump fat deposition for homozygous AA and heterozygous GA animals was 
similar at weaning, but tended to increase as yearlings in comparison to the homozygous GG (P 
< 0.10). Deposition of RF at prebreeding for the heterozygous genotype was intermittent 
between both homozygous with homozygous AA having the greatest RF deposition (P < 0.05). 
 Data in Table 30 indicates SNP A606G has impact on heifer LA. Heifers homozygous for 
the major allele (AA) had larger LA at weaning (P < 0.05) and tended to have larger LA area at 
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both yearling and prebreeding (P < 0.15). Yearling coat score was affected by A606G SNP with 
heterozygous animals (AG) having a modestly lower coat score (P < 0.05). Final reproductive 
tract score (RTS) was influenced (P < 0.05) where homozygous AA had more mature 
reproductive tracts. 
 The remaining two SNPS, C541A and C669T moderately affected LA and RTS (Tables 
31 and 32). Heifers homozygous (CC) at bp 669 or bp 541 had larger LA area at weaning (P < 
0.05) and tended to have larger LA at yearling (P < 0.10). No prebreeding difference was 
observed for LA at bp 669 or bp 541.  Homozygous (CC) heifers for either position had more 
mature reproductive tracts at prebreeding (P < 0.05).  
 Single nucleotide polymorphisms of LDHB held no affect on hormonal concentrations at 
any time except for cortisol at weaning associated with bp 163. Homozygous heifers (GG) had 
greater ng per ml. Enzymatic activity was affected by SNP and time. Base positions 163 and 348 
affected LDHf activity at weaning (P < 0.02 and P < 0.01 respectively) (Tables 33 and 34). 
Positions 541, 606, and 669 affected yearling forward activity (P < 0.05) (Tables 35, 36, and 37). 
No differences were observed in LDHf activity at prebreeding regardless of SNP. 
 Single nucleotide polymorphisms of LDHB showed no significance to cyclicity at 
weaning (Table 38). Cyclicity at yearling (Table 39) tended to be affected (P < 0.08) by bp 348 
with homozygous GG heifers having greater point estimates than the heterozygous GA or 
homozygous AA. Heterozygous GA of bp 348 had a greater point estimate than homozygous 
AA. No other bp of LDHB influenced yearling cyclicity. Promoter and coding sequence SNP of 
LDHB did not influence pregnancy status though heterozygous animals had greater odds of 





 Three SNPs appeared in the prolactin genotype (Table 41). Results indicate SNP G8398A 
(Table 42) was the most influential having the tendency to affect RBFAT at yearling and 
prebreeding (P < 0.10 and P < 0.15, respectively). Heterozygous heifers (GA) had more RBFAT 
in comparison to either homozygous genotype. Final reproductive tract score (RTS) tended to be 
influenced (P < 0.10) with heifers homozygous for the minor allele (AA) having more mature 
reproductive tracts. Neither promoter region affected the manifestation of physical traits (Tables 
43 and 44). 
 Single nucleotide polymorphisms of PRL bp 8398 (Table 45) affected prolactin and 
tended to affect cortisol as yearlings (P < 0.02 and P < 0.10 respectively). Heifers homozygous 
for the minor allele displayed greater circulating quantities of both hormones, though similar in 
circulating concentration of cortisol to the heterozygous (GA).  
Lactate dehydrogenase activity was affected at weaning (P < 0.05) by transversion of the 
promoter SNP A1128G (Table 46) and tended to be influenced as yearlings (P < 0.07). 
Heterozygous animals were lower in enzymatic activity at weaning, but higher as yearlings. 
Forward LDH activity at prebreeding tended to be affected by bp 8398 (P < 0.10) where heifers 
homozygous for the minor allele (AA) had lower enzymatic activity. Promoter SNP C1286T 
(Table 47) held no affect on hormonal concentrations at any time, except for yearling cortisol 
concentration (P < 0.05).  
Single nucleotide polymorphisms of PRL held no significance to weaning cyclicity of 
heifers (Table 48), though homozygous recessive genotypes at bp 1286 and 8398 had greater 
odds than homozygous dominant or heterozygous cattle. Table 49 shows yearling cyclicity was 
not affected by PRL genotype, though homozygous recessive animals still had greater odds of 
41 
 
being cyclic than homozygous at bp 1286 and 8398. Pregnancy status tended to be affected by 
SNP G8398A (P < 0.15) where homozygous GG and heterozygous GA tended to outperform 
homozygous AA heifers (Table 50). Regression operator curve (Figure 1) indicates bp 8398, for 
such few number of animals served as a modest predictor of pregnancy. R-square was 0.07 and 
under maximum rescale equaled 0.097, which is high for a single physical marker. Model fit and 
parameter estimates (Figure 2) indicate deviation from chi-square or standard deviations to 
predictability corroborate the findings in Figure 1 with few results having low predictability and 




 Pearson correlation coefficients among the three trait collection dates were changeable 
ranging from -0.22 to 0.92. Correlations between internal and external traits such as PH and PW 
to HW have been previously documented (Johnson et al., 1988). Variability within the range of 
correlation coefficients is also a common occurrence being influenced by breed type, age, and 
external factors including nutritional development and social interactions (Gaines et al., 1993; 
Patterson et al., 1992).  Our data concurs with the previous findings and suggests heifers that are 
taller as weanlings or yearlings have larger pelvic dimensions at prebreeding. Further 
correlations indicate larger heifers at weaning or yearling have more mature reproductive tracts 
and desirable compositions of carcass measures.  
 Negative correlations of shedding coat scores to all traits measured corroborates the well 
documented relationship between growth performance and animals consuming endophyte 
infected tall fescue (E+). This is further indicated with negative correlation coefficients of 
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circulating PRL levels to coat score. Other hormonal coefficients were associated with physical 
dimensions, specifically progesterone (P4) to yearling pelvic width.  
This association implies P4 is affiliated with skeletal metabolism. Clinical studies of post 
menopausal women and ovariectomized rats suggest P4 maintains cortical bone, but not 
cancellous bone of which the pelvic girdle consists (Barengolts et al., 1990; Gallagher et al., 
1991). Rickard et al. (2008) found similar conclusions in progesterone receptor knockout mice, 
yet disagreed noting for specific skeletal sites progesterone signaling allowed for the buildup of 
both cortical and cancellous bone during puberty. Further studies indicate osteoblasts, 
responsible for bone formation, express greater numbers of P4 receptors that are converted 
through reductase activity into estrogen receptors explaining calcium retention for bone 
deposition (Lemus et al., 2009).  
 Progesterone was also associated with yearling rump fat. Increased levels of progesterone 
override appetite suppression and provide for fat deposition attributed as a sign of maturity 
(Wade and Schneider, 1992). Sex linked deposition of fat is believed to be dependent on the 
balance between glucocorticoids and sex hormones (Bjorntorp, 1990). Greater deposition of fat 
in the rump or gluteal region of females is thought to be associated with augmented amount of α-
2 receptors in this region, which inhibit lypolysis (Richelson, 1986), allowing for energy reserves 
that can be mobilized during pregnancy.  
 Cortisol positively correlated to weaning and yearling pelvic height and weaning pelvic 
width. This positive correlation contradicts published literature. Due to the fluctuating nature of 
cortisol, it is most likely the associations were not physiologically representative but due to 
handling stress from having multiple minor procedures performed at one time. Temperature 
augmentation during working conditions may have also played a role (Abilay et al., 1975). 
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 Enzymatic activity correlations to heifer measurements can be attributed to 
environmental considerations. Heifers in this trial underwent prolonged exposure to extreme 
temperatures as a result of drought (Table 51). Elevated temperatures are known to suppress dry 
matter feed intake in order to reduce body heat attributed to ruminal fermentation while 
maintenance requirements increase (Sanchez et al., 1994). Rates of passage and digestion 
coefficients subsequently decrease likely as a result of altering the rumen bacterial population 
(Bernabucci et al., 2009).  
 Supplementation of crude protein can offset decreased intake nutrient loss by breaking 
down starch quickly into mono and disaccharides which can be incorporated into microbial 
biomass improving ruminal digestion. Heifers in this trial received a dry corn gluten supplement 
in the morning to promote gain and increase intake of hay and digestibility. However, the 
benefits may have been minimized from time of feeding as witnessed within Brosh et al. (1998).  
 Gastrointestinal system integrity was further taxed by forage availability. Rainfall and 
temperature limited E+ and BG growth during the summer months. Quality of remaining pasture 
was marginal. Correlations from these environmental conditions can thus be explained. Reverse 
enzymatic activity positively related to yearling HH. Heightened LDHr allows for the conversion 
of lactate to pyruvate in order to gain energy. Energy is gained, but at a net loss of 4 ATP.  
Lengthened exposure to environmental circumstances and the subsequent reduced intake, 
lead to further metabolic imbalance. Energy source in the body shifted from carbohydrate 
metabolism toward fat metabolism providing non-esterified fatty acids. During this time rump fat 
in most heifers decreased or increased marginally by a few hundredths of an inch. Energy 
acquired from lipolysis and changes of nutrient absorption was utilized to maintain basic growth 
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evidenced by increasing LA and bone dimensions agreeing with Baumen and Currie (1980) and 
Van Milgen and Noblet (2003).  
Elevated temperatures and increased cellular respiration promoted LDHr activity 
allowing for conversion of lactate to pyruvate when carbohydrate and fat energy sources were 
near depletion. Recent studies suggest pyruvate is not only used as an energy source for growth, 
but has an antioxidative property (Moriguchi et al., 2006). Osteoblasts have been shown to 
undergo apoptosis in low pyruvate concentrations (Hinoi et al., 2002), but while under adequate 
concentrations pyruvate has negated the effects of free radicals maintaining cellular integrity and 
inhibiting aging of oocytes (Long and Halliwell, 2009; Liu et al., 2009). At this time, it is 
suspected that effects of oxidative stress are offset by reversing actions associated with the 
MAPK pathway to sustain bone formation (Stevenson et al., 2011). As such, LDHr was 
positively correlated to bone growth in yearling HH. 
Reverse activity also tended to positively correlate to BW and CT at yearling, while 
tending to negatively correlate to PH at weaning. Yearling BW association could be partially 
attributed to increased bone mass in combination with a new level of cellular efficiency in the 
use of pyruvate as a result of adaptation to environmental conditions. Compensatory gains from a 
new level of homeostasis would explain the 45-80% increase in RBFAT and RF deposition from 
yearling to prebreeding concurring with Hahn et al. (1974) even though temperatures exceeded 
threshold limits.  
Heifers may have been able to increase gains despite temperatures exceeding threshold 
limits from acclimation of set point temperature established under chronic exposure, which Hahn 
(1997) found occurs 8-10 d after initial exposure. Positive correlation of coat score indicates 
heifers that shed later were more thermal intolerant and as such resulted in exacerbated 
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physiological symptoms causing LDHr activity to increase. Negative correlation of LDHr to PH 
at weaning suggests products of LDHr activity were being utilized to maintain energy needs at 
this age, which is less efficient and sustainable than other pathways. This may reflect upon 
nutrition received from the dam or metabolic imbalance from dietary adjustment.   
Forward LDHf activity negatively correlated to winter coat score and tended to positively 
correlate to prebreeding BW. The inverse relationship of LDHf to CT suggests animals are 
converting pyruvate to lactate at a lesser rate. This may be due to improved thermoregulation of 
the animal causing lesser expenditure of energy under cooler conditions. Positive tendency of 
correlation to prebreeding BW indicates connection to the previous correlation as improved 
efficiency in thermoregulation and matured growth allows for lactate to build in the system as 
glycolysis continues. This abundance of lactic acid could then be converted to pyruvate and on to 
acetyl CoA from which fatty acids are synthesized as the liver glycogen reaches 5-6%. If not 
converted into pyruvate, the lactic acid could have been directly utilized by the liver for glucose 
then glycogen formation, which at 5-6% will shift to fat storage from conversion of the lactate to 
pyruvate. Subsequent carcass measures forming total body weight concur with prebreeding 
LDHf activity correlations showing superior RBFAT and RF.  
 Behavioral CS measure positively correlated to LDHf at prebreeding. Higher CS to LDHf 
activity indicates the need for sudden energy use in the form of glycogen for animals with 
anxiety or other stress related to handling. Tendency for RTS to positively correlate could be a 
secondary relation to the correlations of LDHf allowing animals to maintain and exceed 
maintenance requirements. 
 Enzymatic activity at prebreeding correlated with trait measurements at weaning and  
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yearling. This is presumed to be due to metabolic needs and environmental interactions as 
previously described. Hormonal activity and enzymatic activity correlated at varying times 
during collection.  
 Cortisol correlated with progesterone at weaning. Increased levels of progesterone to 
cortisol at this time may have been to serve as a negative feedback on stress response during 
adverse situations. Previous research has shown progesterone, in tandem with the metabolite 
allopregnanolone, down-regulates the stress response in rats (Patchev et al., 1996). Wirth et al. 
(2007) found similar conclusions, as Guo et al. (1995) noted progesterone tended to have 
calming or tranquilitic effect on the hypothalamic-pituitary axis. 
            Cortisol also displayed an endocrine relationship with circulating weaning and yearling 
prolactin concentrations. Similar to progesterone, the positive relationship between the two is 
attributable to adverse psychosomatic or physical conditions such as anxiety or changes in 
handling. This theory concurs with current research as dual increases have been seen in human 
subjects waiting for surgery, concluding exams, and in competitive sports (Czeisler et al., 1976; 
Lovallo et al., 1986). Prolactin is surmised to be released under this duress in order to trigger 
immune response in order to inhibit glucocorticoid responses (i.e. cortisol) affecting the 
hippocampus allowing for maintenance of homeostasis (Dimitrov, et al., 2004; McEwan, 2007). 
Dohi et al. (2003) agreed finding B lymphocytes increased in circulation after stress as prolactin 
receptor expression increased per lymphocyte.  
 Final correlations consisted of tendencies with progesterone negatively associated to  
LDHr at weaning and LDHr positively related to LDHf at weaning. Negative association 
between LDHr and progesterone has been linked to reduced rates of phosphate oxidation (Gras et 
al., 2007). Inhibition of phosphate oxidation to Acetyl CoA causes buildup of phosphate serving 
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as a negative feedback on LDHr activity. Tendency to positively correlate LDHr to LDHf at 
weaning may have resulted from excitation of the heifers during handling as this was their initial 
exposure to experimental procedures. Raised LDHf activity would have increased the rate of 
lactate buildup in the body. The increased substrate thus served as a promoter for LDHr to 
convert lactate back into pyruvate as threshold levels attempted to be balanced and go back to 
resting potential. 
Canonical Correlations  
 LDHf activity only moderately correlated to set 1 traits at prebreeding indicating linear 
relationship to production traits at this time. The influence to dependent traits reflects these 
findings with forward activity of LDHf not being influential among set 2 parameters at weaning 
or yearling. Prebreeding LDHf held moderate positive correlation to set 2 variables, suggesting it 
was linearly related to desirable replacement traits at this time. Similar results were found in 
Looper et al. (2002) at prebreeding, though our results were not in agreement with his findings at 
weaning and yearling.  
 Reverse LDH activity held no significant relationship to set 1 traits in the first variate 
regardless of age. However, LDHr was highly negatively correlated to the second weaning 
variate suggesting a large dynamic relationship within the initial set under specific parameters. 
As with LDHf, the general lack of correlation to set 1 traits is reflected in relationships with set 
2. This implies LDHr is not a vital contributor in the linear relationships seen within the set 
variables, though it may at times influence individual components reflected in the Pearson 
correlations.  
 Prolactin canonical results to set 1 traits were only valued in the second variates at 





 values were low to moderate and not likely physiologically significant. The lack of association 
between set 1 traits is reflected in the minimal correlation of PRL to dependent traits. 
Genotypic Relationships 
Lactate Dehydrogenase B 
 Genotypes of LDHB were not correlated to hormonal response except for weaning 
cortisol at bp 163, which could be attributed to anxiety and subsequently more physical activity. 
Forward enzymatic activity of LDH was affected by the LDHB gene, possibly by affecting the 
activity of LDHA. This theory is supported by McLeland (2013).  
  The relationship of muscle fibers and enzymatic properties has been previously described 
as intricate and complicated (Pette and Spamer, 1986). Genotypic results of the LDHB gene 
implicate its role in LA development with bp site specific variations and decrease in LDHf 
activity. Brandstetter et al. (1998) concurred finding LDH activity increased during weaning and 
subsequently lowered the proportion of myosin heavy chain 1 reducing muscle size in bulls. 
Similar conclusions were found in human subjects (Coggan et al., 1992) in which decreased 
LDH activity was associated with an increase in Type IIa fibers.  
 Site specific LDHB SNP indicate the gene affects rump fat deposition in growing heifers. 
 
Thurlow (2006) found LDHf (LDHA) activity was correlated with total composition of fatty acid 
in the muscle disagreeing with our findings. Adipose tissue deposition is thought to be associated 
with the muscle creatine kinase peroxisome proliferator activated receptor β which with higher 
LDHB/LDHA ratio allocates pyruvate to the mitochondria (Gan et al., 2011).  Positive 
associations of RF to LDHB could suggest down regulation of LDHB receptors expressed per 
genotype of LDHB or insulin resistance explaining why heifers with similar activity showed 
variation in RF and LA.   
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 Long bone growth was affected by LDHB SNP site. Heifers with less reverse activity 
tended to have larger growth rates than their counterparts. Lactic acid buildup may attribute to 
this phenomenon by triggering the release of growth hormone (GH). Felsing et al. (1992) and 
Weltman et al. (1992) surmised this possibility discovering runners that reached the lactate 
threshold in the muscle increased pulsatile release of GH.  An additional indicator of lactic acid’s 
relationship to GH was found in 2003 (Kim and Park) in which microspheres with L-lactic acid 
released GH continuously after an initial 20% rise. Increase in GH could also attribute to insulin 
resistance through Interleukin-6 (Vozarava et al., 2001) reflecting on the RF and LA variation.  
 Treatment did not affect reproductive status of heifers (T1: T2 = 14:13, respectively), nor 
did LDHB. Lack of implication may have resulted from environmental impact. Heat stress and 
the alkaloids from E+ singularly are known to impair luteal function of heifers (Gay et al., 1988). 
In combination, E+ likely exacerbates heat stress from inability to dissipate body heat, though 
acclimation is evidenced within Hahn (1997). Burke et al. (2001) found heifers under heat duress 
on E+ held no effect on the diameter of the corpus luteum, but reduced the diameter of the 
preovulatory dominant follicle and serum concentrations of estradiol.  
 Productivity of progesterone from the corpus luteum was shown to diminish (Mahmoud 
et al., 1994), and in some cases estradiol did not increase causing the progression of the 
dominant follicle to appear normal. Animals on tall fescue are also noted to have lower 
circulation of luteinizing hormone (Browing et al., 1998), leading to dominant follicles that cease 
to mature or fail to ovulate resulting in cystic ovaries.  Low levels of insulin, which heifers may 
have experienced in this study attributed to previous results, could have also influenced ovarian 
cysts, though none were found during RT scoring (Braw-Tal et al., 2009). Other gene 
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interactions, such as heat shock protein 70 may have played a role in maintaining reproductive 
structures during heat stress (Sirotkin and Bauer, 2011). 
 Pregnancy data within this study suggests heifers reaching lower percentage of mature 
body weight, despite rate of gain, were more likely to conceive after exposure to severe 
conditions. Animals in the study that conceived were within 51-57% mature BW. These data 
support that found by Funston (2007) indicating growth from birth to weaning may be more 
influential than gains afterward.     
Prolactin Genotypes 
 Genotypes of PRL SNP were not related to prolactin concentrations except for a site 
specific modification at yearling. Lack of relationship of the gene to circulating PRL 
concentrations indicates common genetic variation within this set of heifers is not a strong 
predictor for PRL and may have been influenced by external environmental effects of heat and 
reduced feed intake moderating response (Ronchi et al., 2001). Single nucleotide polymorphisms 
were related to cortisol at yearling suggesting heifers with dominant genotypes respond better to 
stressful situations increasing prolactin levels to combat acute stress and maintain homeostasis 
(Markus et al., 2000).  
 Genotypes at different bp were related to LDHf activity at weaning, yearling, and 
prebreeding.  Functional perspective of this relationship takes form through other hormonal 
signals as implicated within the segment describing LDHB gene relationships to GH and 
interleukin-6. Interleukin-6 may be the key moderator causing the increase in pulsatile secretion 
of prolactin whilst simultaneously elevating GH (Mastorakos et al., 2005) for adaptation to 
physical and psychological stress (Greenwood and Landon, 1966; Van de Kar et al., 1995). 
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 Physical traits were not impacted by PRL genotypes within this study, except for RBFAT 
deposition, which tended to be influenced by bp 8398. Adipose tissue deposition connected with 
PRL is generally associated with a reduction in the amount of lipoprotein lipase (Wilson et al., 
1997). Recently PRL has been implicated to also influence the hormone adiponectin, normally 
released from adipose cells in order to raise fatty acid oxidation and decrease production of 
glucose in the liver, by targeting the receptor AdipoR1 (Nilsson et al., 2005). Our results show a 
variation upon these connections as circulating PRL concentration to genotype did not appear to 
linearly affect the amount of RBFAT present. This may reflect upon the number of AdipoR1 
receptors expressed per genotype for PRL or be indicative of growth hormone substantiating fat 
deposition by blocking AdipoR2.  
 Genotypes of PRL failed to influenced heifer cyclicity. Treatment did not elicit an effect 
on pregnancy status, though bp 8398 tended to influence pregnancy status. Lack of direct 
significance may have resulted from environmental impact as discussed within the section 
regarding LDHB genotypes.  
Implications 
 Genetic selection for growth, carcass, and reproductive capability would assist in 
choosing desirable replacement heifers. Using LDHB and PRL single nucleotide polymorphisms, 
producers may well target heifers environmentally suited to their program needs especially for 
animals going to potential heat stress, E+, or drought prone regions. The cow-calf industry would 
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    Table 1 Means of heifer weaning, yearling, and prebreeding traits with standard deviations. 




                 Weaning                        Yearling                        Prebreeding 
                                             Mean     St. Dev           Mean       St. Dev.           Mean          St. Dev 
   
              
 
Age (d)                                   227.0      23.2              315.0          18.9               409.0               21.4         
Body Weight (kg)                  195.0      34.3              251.0          36.6               295.0             37.55 
Gain (kg/d)                               -               -                  0.62            0.15                  0.48               0.17             
Hip Height (cm)                     110.0      5.31              118.0          4.45               122.0               4.87 
Hip Width (cm)                      31.80      2.67              36.60          2.59               38.60               2.29 
Pelvic Height (cm)                 13.43      1.21              14.94          0.81               15.96               0.72 
Pelvic Width (cm)                  11.21      1.12              12.61          0.86               14.25               0.87 
Frame Score                             4.40      1.01                4.80          0.78                 5.00               0.98 




)        35.12      5.24              42.72          6.48               50.76               7.29            
Rib Fat (cm)                             0.37      0.08                0.63          0.10                 0.79               0.12    
Rump Fat (cm)                         0.36      0.10                0.45          0.12                 0.63               0.18                    
  
LDHf                                         973      133.2            803.8          71.2               658.6             139.2 
LDHr                                        93.1        44.3            121.8          47.8                 68.3               33.9 
Cortisol (ng/ml)     30.9        10.2                25.2          12.4                  -                    -  







Coat Score                                  2.9       0.79                 2.0          0.89                   3.2*             0.59  
Chute Score                                1.0       0.41                   -                 -                   1.0               0.59 
                       
              
 
a
LDHf = Lactate dehydrogenase forward, LDHr = Lactate dehydrogenase reverse 
*Prebreeding coat score is indicative of the first winter coat score. 
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Table 2 Pearson coefficient correlations among physical measurements of heifers at weaning, 


























   
 


















 Yearling  0.85* 0.91* 0.73* 0.80* -0.31
+ 
 Prebreeding  0.83* 0.84* 0.71* 0.75* -0.42* 
Hip Height Weaning  0.87* 0.65* 0.65* -0.29
+
 
 Yearling  0.80* 0.64* 0.69*     -0.15  
 Prebreeding  0.73* 0.66* 0.70* -0.32
+ 
Hip Width Weaning   0.62* 0.70* -0.33
+
 
 Yearling   0.68* 0.83* -0.32
+ 
 Prebreeding   0.71* 0.82* -0.37
+ 
Pelvic Height Weaning    0.88* -0.23
* 
 Yearling    0.81* -0.22
* 
 Prebreeding    0.84* -0.35
+ 
Pelvic Width Weaning     -0.25
* 
 Yearling     -0.35
+
 
 Prebreeding       
 
a
HH = Hip height, HW = Hip width, PH = Pelvic height, PW = Pelvic width, CT = Coat score 
*P < 0.0001, 
+
P < 0.01, 
*









Table 3 Pearson coefficient correlations of physical measurements among carcass, reproductive 
and temperament indicative measurements of heifers at weaning, yearling, and prebreeding.                                   
a 
LA = Longissimus area, RBFAT = Rib fat thickness, RF= Rump fat, RTS = Reproductive tract 
score, CS = Chute score. *P < 0.0001, 
+
P < 0.01, 
*







      LA 
 
  RBFAT 
 
       RF 
 
     RTS 
 






























            0.00 
 Yearling 0.77* 0.63* 0.59* - - 
 Prebreeding 0.59* 0.43* 0.49* 0.67*   -0.09 
Hip Height Weaning 0.63*    0.31
+
 0.50* -   -0.10 
 Yearling 0.69* 0.52* 0.44* - - 
 Prebreeding 0.52*           0.29
+
    0.36
+
 0.54*   -0.04 
Hip Width Weaning 0.68*           0.39
+
 0.58* -     0.01 
 Yearling 0.71* 0.53* 0.54* - - 
 Prebreeding 0.56* 0.46* 0.50* 0.59*     0.00 
Pelvic Height Weaning 0.46*    0.17    0.28
+ 
-    -0.06 
 Yearling 0.61* 0.42*    0.39
+ 
- - 
 Prebreeding 0.42*           0.31
+
    0.37
+ 
0.42*   -0.01 
Pelvic Width Weaning 0.45*    0.18    0.29
+
 -   -0.02 
 Yearling 0.66* 0.47*    0.48* - - 
 Prebreeding 0.49* 0.30* 0.37
+ 
0.56*     0.09 
Coat Score Weaning      -0.26
*
   -0.01  -0.19 -   -0.06 
 Yearling  -0.08   -0.17  -0.34
+
 - - 
 Prebreeding 
 










 Table 4 Pearson coefficient correlations of carcass, reproductive and temperament indicative 























 RBFAT = Rib fat thickness, RF= Rump fat, RTS = Repro tract score, and CS = Chute score.  
*P < 0.0001, 
+


































  RBFAT 
 
      RF 
 
     RTS 
 









     
 
 








     
 
 
                0.11 
 Yearling     0.61* 0.52* - - 
 Prebreeding     0.36
+ 
   0.34
+
     0.65*     0.13 
Rib Fat Weaning  0.63* 
- 
    0.04 
 Yearling  0.65* 
- 
- 
 Prebreeding  0.59*                 0.30
+ 
   -0.14 
Rump Fat Weaning   -    -0.02 
 Yearling   - - 
 Prebreeding                 0.37
+ 
   -0.07 
Repro Tract Score Weaning    - 
 Yearling    - 




Table 5 Pearson coefficient correlations of physical measurements at weaning and yearling to 
those at prebreeding. 
a 
BW = Body weight, HH = Hip height, HW = Hip width, PH = Pelvic height, PW = Pelvic 
width, CT = Coat score. *P < 0.0001, 
+
P < 0.01, 
*











   
    BW 
   
   HH 
 
 HW 
    
    PH 
   
    PW 
   
    CT 
Body Weight  Weaning 0.90*  0.82* 0.81* 0.53* 0.53* -0.46* 
 Yearling 0.96* 0.85* 0.87* 0.70* 0.76* -0.30
*
 
Hip Height Weaning 0.83* 0.82* 0.74* 0.61* 0.58* -0.34
+ 
 Yearling 0.82* 0.87* 0.76* 0.64* 0.65* -0.08 
Hip Width Weaning 0.81* 0.77* 0.84* 0.51* 0.56* -0.37
+ 
 Yearling 0.84* 0.78* 0.87* 0.59* 0.73* -0.27
+ 
Pelvic Height Weaning 0.67* 0.59* 0.63* 0.45* 0.47* -0.27 
 Yearling 0.69* 0.59* 0.65* 0.56* 0.61* -0.15 
Pelvic Width Weaning 0.74* 0.67* 0.73* 0.51* 0.56* -0.32
+ 
 Yearling 0.75* 0.67* 0.74* 0.51* 0.65* -0.21
*
 





















Table 6 Pearson coefficient correlations of carcass and temperament measurements at weaning 
and yearling to physical measures at prebreeding. 
a  
BW = Body weight, HH = Hip height, HW = Hip width, PH = Pelvic height, PW = Pelvic 
width, and CT = Coat score.*P < 0.0001, 
+
P < 0.01, 
*

















   HW  
    
   PH 
   
         PW 
 
  CT 
Longissimus Area Weaning 0.64* 0.57*      0.53* 0.42* 0.47* -0.32
+ 
 Yearling 0.73* 0.61*      0.63*  0.51* 0.53* -0.34
+ 
Rib Fat Weaning 0.32
+ 
















 Yearling 0.55*   0.36
+ 




Chute Score Weaning  -0.07  -0.08 -0.07 0.00 -0.09 -0.17 




Table 7 Pearson coefficient correlations of carcass and temperament measurements at weaning 
and yearling to those at prebreeding. 
a 
LA = Longissimus area, RBFAT = Rib fat, RF = Rump fat, and CS = Chute score. 
*P < 0.0001, 
+












    LA 
 
  RBFAT 
 
  RF 
       
            CS 
 





 Yearling   0.68*   0.50* 0.49*         - 









  0.51* 0.43*         - 







  0.41* 0.69*         - 
Chute Score Weaning -0.03 -0.03 0.00 -0.03 




Table 8. Pearson coefficient correlations among physical measurements to enzymatic and 











  PRL 
 

































 Yearling -0.01 0.18
+ 
0.00 0.13 -0.13 
 Prebreeding 0.15
+
 0.03         -         -         - 
Hip Height Weaning 0.07 0.06 -0.04 -0.06 -0.01 
 Yearling 0.00 0.24
*
 0.07 -0.01 -0.08 
 Prebreeding 0.11 0.00         -         -         - 
Hip Width Weaning 0.12 0.04 0.08 -0.07 0.06 
 Yearling 0.03 0.11 0.05 0.15 -0.11 
 Prebreeding 0.14 0.03         -         -         - 
Pelvic Height Weaning 0.06 -0.05 -0.03 0.07 0.20
*
 





-0.05         -         -         - 
Pelvic Width Weaning 0.05 -0.16
+ 
 -0.05 0.05 0.22
*
 





 0.02         -         -         - 
Coat Score Weaning -0.12 0.01 -0.20
*
 -0.09 -0.11 







 -0.04         -         -         - 
 
a
LDHf = Lactate dehydrogenase forward, LDHr = Lactate dehydrogenase reverse, PRL = 




P < 0.08, 
+




Table 9.  Pearson coefficient correlations among carcass, reproductive, and temperament 

























      





    







 Yearling 0.07 -0.01    0.02 0.07 0.01 
 Prebreeding 0.21
*
 0.13       -         -         - 
Rib Fat Weaning 0.10 0.05 0.09 0.04 0.01 
 Yearling 0.01 0.11     -0.07 0.11 -0.08 
 Prebreeding 0.17
+
 -0.08       -         -         - 
Rump Fat Weaning 0.03 -0.02 0.14 -0.06 -0.14 
 Yearling 0.02 -0.02 0.05 0.21
*
 -0.01 
 Prebreeding 0.21* -0.08       -         -         - 
Repro Tract Score Weaning 0.14 0.05       -         -         - 
 Yearling -0.11 0.29*       -         -         - 
 Prebreeding 0.18
+
 0.08       -         -         - 
Chute Score Weaning 0.01 0.01 0.15 -0.06 -0.03 
 Yearling 0.07 -0.01 0.02 0.07 0.01 
 Prebreeding 0.21
*
 0.13       -         -         - 
 
a
LDHf = Lactate dehydrogenase forward, LDHr = Lactate dehydrogenase reverse,  
PRL = Prolactin, P4 = Progesterone, CORT = Cortisol.*P < 0.01, 
*
P < 0.05, 
+
P < 0.15 
67 
 
Table 10. Pearson coefficient correlations among physical, carcass, and temperament 





















Body Weight  Weaning                   0.10                      0.06 
 Yearling 0.13 0.01 




Hip Width Weaning 0.14 0.06 
 Yearling 0.13 0.00 
Pelvic Height Weaning 0.11 0.13 
 Yearling 0.15 -0.02 
Pelvic Width Weaning 0.13 0.15
+ 
 Yearling 0.21* -0.13 
Coat Score Weaning -0.19
**
 -0.10 
 Yearling -0.11 -0.01 
Longissimus Area Weaning 0.10 0.06 
 Yearling 0.08 -0.02 
Rib Fat Weaning -0.04 -0.02 
 Yearling 0.06 0.04 
Rump Fat Weaning -0.06 0.02 
 Yearling 0.02 -0.03 
Chute Score Weaning -0.13 0.16
+
 
 Yearling                     -                        - 
 
a
LDHf = Lactate dehydrogenase forward, LDHr = Lactate dehydrogenase reverse. 
*P < 0.05, 
**
 P < 0.08, 
+
P < 0.15 
68 
 
Table 11 Pearson coefficient correlations among enzymatic and hormonal measurements of 
heifers at weaning, yearling, and prebreeding. 
a
LDHf = Lactate dehydrogenase forward, LDHr = Lactate dehydrogenase reverse, PRL = 
Prolactin, P4 = Progesterone, CORT = Cortisol. *P < 0.05, 
+











































  P4 
 
 








                                                           Weaning 














 Yearling 0.07 -0.08 -0.07 0.05 
 Prebreeding -0.21*         -     -         - 
LDHr Weaning  0.11 -0.17
+
 -0.03 
 Yearling  0.00 -0.05 -0.10 
 Prebreeding          -     -         - 
PRL Weaning     0.06 0.24* 
 Yearling     0.06 0.40* 
 Prebreeding       -         - 
P4 Weaning    0.47* 
 Yearling    0.02 





Table 12. Canonical correlations for each variable within its defined set at weaning, yearling,  
and prebreeding for LDHf.  
*P < 0.0001, 
+





 Weaning Yearling Prebreeding 
 
 
Set 1 (V) 
 
   V1 
 







      
Body Weight 0.99 -0.04 0.99 -0.13           0.91 
Hip Height 0.86 0.11 0.86 -0.14           0.82 
Hip Width 0.93 0.35 0.95 0.25           0.97 
LDHf 0.04 0.07 -0.03 -0.28           0.28 
 
 
Set 2 (W) 
 
   W1 
 







      
Pelvic Height 0.73 0.17 0.82 -0.11           0.83 
Pelvic Width 0.77 0.52 0.93  0.32           0.94 
Longissimus Area 0.90 -0.36 0.86 -0.27           0.67 
Rib Fat 0.50 -0.11 0.69 -0.41           0.53 
      




          0.89* 
R
2





Table 13. Results of canonical correlations using LDH forward enzymatic activity  
to heifer measurements at weaning. Correlations are reported as correlations between 




Correlations with canonical variates at weaning 
 
 
Set 1 (V) 
 






       W4 
     
Body Weight 0.85 -0.01 0.03 0.00 
Hip Height 0.74 0.04 0.15 0.00 
Hip Width 0.80 0.12 0.02 0.00 
LDHf 0.03 0.02 0.01 0.12 
 
 
Set 2 (W) 
 






       V4 
     
Pelvic Height 0.63 0.06 0.20      0.00 
Pelvic Width 0.67 0.18 0.11 0.00 
Longissimus Area 0.78  -0.12 -0.06  -0.01 
Rib Fat 0.43 -0.03 -0.13 0.08 
     





 Value 0.75 0.12 0.10 0.01 
 
 
*P < 0.0001, 
+
P < 0.01 
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Table 14. Results of canonical correlations using LDH forward enzymatic activity  
to heifer measurements at yearling. Correlations are reported as correlations between  




Correlations with canonical variates at yearling. 
 
 
Set 1 (V) 
 






       W4 
     
Body Weight 0.87 -0.05 0.00 0.00 
Hip Height 0.76 -0.06 0.06 -0.02 
Hip Width 0.84    0.12 0.02 0.00 
LDHf -0.02 -0.12 0.14 0.04 
 
 
Set 2 (W) 
 






       V4 
     
Pelvic Height 0.72 -0.05 -0.03 -0.03 
Pelvic Width 0.82 0.15 -0.02 0.00 
Longissimus Area 0.76 -0.12 0.08 0.00 
Rib Fat 0.61 -0.19 -0.06 0.03 
     
Canonical Correlation 0.88* 0.46
+
 0.18 0.06 
R
2
 Value 0.78 0.21 0.03 0.01 
 
 
*P < 0.0001, 
+
P < 0.01 
72 
 
Table 15. Results of canonical correlations using LDH forward enzymatic activity  
to heifer measurements at prebreeding. Correlations are reported as correlations bet- 




Correlations with canonical variates at prebreeding. 
 
 
Set 1 (V) 
 






       W4 
     
Body Weight 0.81 -0.09 -0.03 -0.01 
Hip Height 0.73   -0.11   0.08 0.00 
Hip Width 0.87  0.04   0.00 -0.01 
LDHf 0.25  0.05 -0.03 0.08 
 
 
Set 2 (W) 
 






       V4 
     
Pelvic Height 0.74 -0.09  0.03 -0.03 
Pelvic Width 0.84   0.02  0.06 -0.01 
Longissimus Area 0.60 -0.09 -0.04  0.05 
Rib Fat 0.48   0.07  -0.15 -0.01 
     
Canonical Correlation 0.89*   0.27  0.20  0.08 
R
2
 Value 0.79   0.07  0.04  0.01 
 
 
*P < 0.0001 
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Table 16. Results of canonical correlations using LDH forward enzymatic activity  
to heifer measurements at prebreeding to weaning. Correlations are reported as  
correlations between the canonical variables to set 2 variables and correlations bet- 




Correlations with prebreeding canonical variates at weaning. 
 
 




       W2 
 
       W3 
 
       W4 
     
Body Weight 0.71 0.04 -0.07 0.00 
Hip Height 0.70 -0.10   0.05 -0.01 
Hip Width 0.64 0.25   0.03 0.00 
LDHf 0.14 -0.08   0.03 0.10 
 
 




       V2 
 
       V3 
 
       V4 
     
Pelvic Height 0.60 -0.04   0.14 -0.03 
Pelvic Wodth 0.60 0.06   0.15 0.02 
Longissimus Area 0.65 -0.01   -0.13 0.00 
Rib Fat 0.31 0.41   -0.09 -0.03 
     
Canonical Correlation 0.74* 0.51
+  
   0.27 0.10 
R
2
 Value 0.55 0.26    0.07 0.01 
 
 
*P < 0.0001, 
+
P < 0.01 
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Table 17. Results of canonical correlations using LDH forward enzymatic activity  
to heifer measurements at prebreeding to yearling. Correlations are reported as  
correlations between the canonical variables to set 2 variables and correlations bet- 




Correlations with prebreeding canonical variates at yearling. 
 
 
Set 1 (V) 
 
        W1 
 
       W2 
 
       W3 
 
       W4 
     
Body Weight 0.84 -0.04 -0.01 0.00 
Hip Height 0.71 -0.12 0.05 0.00 
Hip Width 0.77 0.10 0.01 0.00 
LDHf 0.17 0.07 0.14 0.01 
 
 
Set 2 (W) 
 
       V1 
 
       V2 
 
       V3 
 
       V4 
     
Pelvic Height 0.69 -0.14 0.05 0.00 
Pelvic Width 0.79 0.03 0.07 0.00 
Longissimus Area 0.73 -0.07 -0.06 0.00 
Rib Fat 0.60 0.07 -0.10 0.00 
     
Canonical Correlation 0.85* 0.32 0.18 0.01 
R
2
 Value 0.72 0.11 0.03 0.00 
 
 























Table 18. Canonical correlations for each variable within its defined set at weaning, yearling,  
and prebreeding for LDHr.  
*P < 0.0001, 
+


























 Weaning Yearling Prebreeding 
 
 
Set 1 (V) 
 
     V1 
 






       V1 
      
Body Weight 0.99 -0.06 0.98    -0.11 0.92 
Hip Height 0.86 0.08 0.86    -0.12 0.82 
Hip Width 0.93 0.24 0.95      0.30 0.98 
LDHr -0.07 -0.52 0.06    -0.09 0.02 
 
 
Set 2 (W) 
 
    W1 
 




  W2 
 
       W1 
      
Pelvic Height 0.73 0.17 0.81 -0.13 0.84 
Pelvic Width 0.78 0.53 0.92  0.33 0.95 
Longissimus Area 0.89 -0.35 0.88 -0.22 0.67 
Rib Fat 0.53 -0.24 0.69 -0.42 0.53 
      












Table 19. Results of canonical correlations using LDH reverse enzymatic activity  
to heifer measurements at weaning. Correlations are reported as correlations between 




Correlations with canonical variates at weaning 
 
 
Set 1 (V) 
 






       W4 
     
Body Weight 0.85 -0.03 -0.04 0.00 
Hip Height 0.74 0.04 -0.15 0.01 
Hip Width 0.81 0.11 -0.01 0.02 
LDHr -0.06 -0.23 -0.04 0.07 
 
 
Set 2 (W) 
 






       V4 
     
Pelvic Height 0.64 0.08 -0.20 0.01 
Pelvic Width 0.68 0.24 -0.10 0.00 
Longissimus Area 0.77 -0.16    0.05 -0.02 
Rib Fat 0.46 -0.11   0.14 0.05 
     
Canonical Correlation 0.87* 0.45
+
   0.31 0.08 
R
2
 Value 0.75 0.20   0.09 0.01 
 
 
*P < 0.0001, 
+
P < 0.01 
77 
 
Table 20. Results of canonical correlations using LDH reverse enzymatic activity  
to heifer measurements at yearling. Correlations are reported as correlations between 




Correlations with canonical variates at yearling 
 
 
Set 1 (V) 
 






       W4 
     
Body Weight 0.88 -0.05 0.03 0.00 
Hip Height 0.77 -0.05 -0.04 0.01 
Hip Width 0.85 0.12 0.01 0.00 
LDHr 0.05 -0.04 0.15 0.02 
 
 
Set 2 (W) 
 






       V4 
     
Pelvic Height 0.73 -0.06 0.02 0.02 
Pelvic Width 0.82    0.14 0.03 0.00 
Longissimus Area 0.78  -0.09 -0.09 -0.01 
Rib Fat 0.61 -0.18 0.09 -0.01 
     





 Value 0.80 0.19 0.05 0.00 
 
 
*P < 0.0001, 
+
P < 0.01 
78 
 
Table 21. Results of canonical correlations using LDH reverse enzymatic activity  
to heifer measurements at prebreeding. Correlations are reported as correlations bet- 




Correlations with canonical variates at prebreeding 
 
 
Set 1 (V)  
 






       W4 
     
Body Weight 0.81 -0.08 -0.06 0.02 
Hip Height 0.73 -0.13 0.02 -0.06 
Hip Width 0.86     0.04 0.02 0.09 
LDHr 0.01 -0.13 0.14 0.11 
 
 
Set 2 (W) 
 






       V4 
     
Pelvic Height 0.74 -0.05 -0.06   -0.07 
Pelvic Width 0.83     0.01 0.04 -0.04 
Longissimus Area 0.59 -0.14 0.01 0.09 
Rib Fat 0.47     0.13 -0.13 0.08 
     








 Value 0.77    0.08 0.05 0.02 
 
 
*P < 0.0001, 
+
P < 0.15 
79 
 
Table 22. Results of canonical correlations using LDH reverse enzymatic activity  
to heifer prebreeding measurements to weaning. Correlations are reported as correlations bet- 




Correlations with prebreeding canonical variates at weaning 
 
 




       W2 
 
       W3 
 
       W4 
     
Body Weight 0.69 0.04 -0.09  0.00 
Hip Height 0.70 -0.10  0.04 -0.02 
Hip Width 0.63 0.25  0.00 -0.01 
LDHr 0.12 -0.01  0.09   0.07 
 
 




       V2 
 
       V3 
 
       V4 
     
Pelvic Height 0.61 -0.03  0.13 -0.02 
Pelvic Width 0.60 0.08  0.15 0.02 
Longissimus Area 0.63 0.00 -0.14 0.00 
Rib Fat 0.28 0.40 -0.10 -0.02 
     





 Value 0.55 0.26 0.08 0.01 
 
 
*P < 0.0001, 
+
P < 0.01 
80 
 
Table 23. Results of canonical correlations using LDH reverse enzymatic activity  
to heifer prebreeding measurements to yearling. Correlations are reported as correlations bet- 




Correlations with prebreeding canonical variates at yearling 
 
 
Set 1 (V) 
 
       W1 
 
       W2 
 
       W3 
 
       W4 
     
Body Weight 0.83 -0.06 0.02 0.00 
Hip Height 0.70 -0.14 -0.05 0.02 
Hip Width 0.77    0.09 0.02 0.02 
LDHr -0.08 -0.15 0.16 0.02 
 
 
Set 2 (W) 
 
       V1 
 
       V2 
 
       V3 
 
       V4 
     
Pelvic Height 0.69 -0.15 -0.04 0.02 
Pelvic Width 0.79 0.05 -0.06 0.01 
Longissimus Area 0.73 -0.08 0.03 -0.02 
Rib Fat 0.59 0.15 0.15 0.00 
     





 Value 0.72 0.13 0.04 0.00 
 
 
*P < 0.0001, 
+
P < 0.15 
81 
 
Table 24. Canonical correlations for each variable within its defined set at  



































*P < 0.0001, 
+





 Weaning Yearling 
 
 
Set 1 (V) 
 
   V1 
 





     
Body Weight 0.99  -0.01 0.99 -0.10 
Hip Height 0.86   0.16 0.86 -0.08 
Hip Width 0.93   0.33 0.96  0.28 
Prolactin 0.09  -0.38 -0.02  0.49 
 
 
Set 2 (W) 
 
   W1 
 





     
Pelvic Height 0.73   0.25 0.82 -0.20 
Pelvic Width 0.77   0.56 0.92 0.30 
Longissimus Area 0.90  -0.38 0.86 -0.13 
Rib Fat 0.51  -0.13 0.72 -0.44 
     











Table 25. Results of canonical correlations using prolactin hormonal concentrations  
to heifer measurements at weaning. Correlations are reported as correlations between 




Correlations with canonical variates at weaning 
 
 
Set 1 (V) 
 
       W1 
 
       W2 
 
       W3 
    
Body Weight 0.86 -0.01 -0.03 
Hip Height 0.74 0.06 -0.15 
Hip Width 0.80 0.13 -0.01 
Prolactin 0.08 -0.15     0.09 
 
 
Set 2 (W) 
 
       V1 
 
      V2 
 
       V3 
    
Pelvic Height 0.63 0.09 -0.20 
Pelvic Width 0.67 0.22 -0.09 
Longissimus Area 0.78 -0.15     0.05 
Rib Fat 0.44 -0.05     0.13 
    
Canonical Correlation 0.86* 0.39
+ 
    0.31 
R
2
 Value 0.75 0.15     0.09 
 
 
*P < 0.0001, 
+
P < 0.01 
83 
 
Table 26. Results of canonical correlations using prolactin hormonal concentrations  
to heifer measurements at yearling. Correlations are reported as correlations between 




Correlations with canonical variates at yearling 
 
 
Set 1 (V) 
 
       W1 
 
       W2 
 
       W3 
    
Body Weight 0.86 0.00 -0.03 
Hip Height 0.74 0.06 -0.15 
Hip Width 0.80 0.13 -0.01 
Prolactin 0.08 -0.15 0.09 
 
 
Set 2 (W) 
 
       V1 
 
       V2 
 
       V3 
    
Pelvic Height 0.63 0.09 -0.19 
Pelvic Width 0.67 0.22 -0.09 
Longissimus Area 0.78 -0.15   0.04 
Rib Fat 0.44 -0.05   0.13 
    
Canonical Correlation 0.88* 0.47
+
   0.18 
R
2
 Value 0.78 0.22   0.03 
 
 
*P < 0.0001, 
+
P < 0.01 
84 
 
Table 27. Allelic percentages and genotypic frequencies of LDHB promoter and coding 
sequence SNP. 
 




              
 
                                                             
                                                                                   Allele %                      Genotype, n 
 




     G               A                            GG           GA  
 
        96.8%         3.2%                            74              5  
           
                                          
 
                                         Allele %                      Genotype, n 
 




     G               A                       GG        GA        AA 
  57.0%        43.0%                    24          52          12 
 
           
 
               Allele %                               Genotype, n  
 




     C             A                             CC            CA             
 
  94.3%         5.7%                          78             10   
 
           
 
           Allele %                               Genotype, n  
 





                                           A              G                             AA            AG 
 
        94.9%         5.1%                         79               9 
 
              
 
                                                                                    Allele %                      Genotype, n 
 




     C               T                             CC            CT   
 
   95.0%        5.0%                          80              9 
 
           
 
a 
Promoter region SNP.  
b




















Table 28. Lactate Dehydrogenase B G163A promoter SNP relationship to growth, carcass, 







         Genotypic Averages 
  
 
         GG 
 
        GA 
 
Body Weight (kg) Weaning 195.37
c
 ± 33.19 159.30
d
 ± 34.96 
 Yearling 249.93
c
 ± 36.31 216.36
d
 ± 34.80 
 Prebreeding 294.03
c
 ± 36.85 261.99
d
 ± 30.20 
Hip Height (cm) Weaning 109.86
c
 ± 5.16 105.26
d
 ± 5.87 
 Yearling 117.65 ± 4.17 115.00 ± 3.56 
 Prebreeding 123.09 ± 4.74 120.09 ± 4.04 
Hip Width (cm) Weaning 31.90
c
 ± 2.43 28.85
d
 ± 3.76 
 Yearling 36.65
c
 ± 2.39 34.08
d
 ± 2.89 
 Prebreeding 38.74
c
 ± 2.18 36.32
d
 ± 2.03 
Pelvic Height (cm) Weaning 13.46
c
 ± 1.18 12.80
d
 ± 1.39 
 Yearling 14.97
c
 ± 0.80 14.20
d
 ± 1.15 
 Prebreeding 15.97
c
 ± 0.70 15.30
d
 ± 0.67 
Pelvic Width (cm) Weaning 11.31
c
 ± 1.09 10.20
d
 ± 1.15 
 Yearling 12.65
c
 ± 0.84 11.90
d
 ± 0.74 
 Prebreeding 14.30
a
 ± 0.80 13.20
b
 ± 0.90 
Coat Score Weaning 2.89 ± 0.80 3.40 ± 0.54 
 Yearling 2.01 ±0.89 2.20 ± 1.09 
 Prebreeding*                   -                   - 
Chute Score Weaning 1.12 ± 0.40 1.00 ± 0.00 
 Yearling                   -                   - 
 Prebreeding                   -                   - 
Longissimus Area (cm
2
) Weaning 35.15 ± 5.48 32.18 ± 3.01 





 ± 3.68 
Rib Fat (cm) Weaning 0.36 ± 0.07 0.33 ± 0.07 
 Yearling 0.60 ± 0.10 0.59 ± 0.09 
 Prebreeding 0.79 ± 0.11 0.73 ± 0.07 
Rump Fat (cm) Weaning 0.35 ± 0.08 0.35 ± 0.11 
 Yearling 0.45 ± 0.11 0.44 ± 0.18 
 Prebreeding 0.63 ± 0.18 0.60 ± 0.28 
Repro Tract Score Weaning                   -                   - 
 Yearling                   -                   - 
 Prebreeding 3.55 ± 1.50  3.00 ± 1.00 
 
a,b
 P < 0.0001 
c,d
P < 0.05 
e,f




Table 29. Lactate Dehydrogenase B G348A promoter SNP relationship to growth, carcass, 
reproductive, and temperament indicators at weaning, yearling, and prebreeding. 
a,b
P < 0.05 
c,d










      GG 
 
  GA 
 
           AA 
 
Body Weight (kg) Weaning 185.18 ± 34.07    197.00 ± 30.97 202.73 ± 39.60 
 Yearling 241.70 ± 36.13 250.84 ± 33.30 260.59 ± 43.43 
 Prebreeding 286.55 ± 36.50 295.42 ± 34.45 306.29 ± 45.67 
Hip Height (cm) Weaning 108.66 ± 5.76 110.71 ± 4.87 110.49 ± 4.80 
 Yearling 116.81 ± 4.21 117.75 ± 4.01 119.06 ± 4.47 
 Prebreeding 121.89 ± 4.95 123.19 ± 4.29 123.65 ± 5.94 
Hip Width (cm) Weaning 31.03 ± 2.82 32.05 ± 2.40 32.81 ± 2.74 
 Yearling 36.04 ± 2.45 36.77 ± 2.39 37.64 ± 2.61 
 Prebreeding 38.32 ± 2.36 38.63 ± 2.16 39.90 ± 2.11 
Pelvic Height (cm) Weaning 13.27 ± 1.36 13.48 ± 1.13 13.70 ± 1.21 
 Yearling 14.67 ± 0.76 15.06 ± 0.76 15.04 ± 1.09 
 Prebreeding 15.82
c
 ± 0.61 15.94
c,d
 ± 0.72 16.40
d
 ± 0.83 
Pelvic Width (cm) Weaning 11.00 ± 1.22 11.24 ± 1.03 11.62 ± 1.18 
 Yearling 12.29
a
 ± 0.67 12.70
a,b
 ± 0.82 13.04
b
 ± 0.67   
 Prebreeding 14.10 ± 0.88 14.24 ± 0.84 14.74 ± 0.81 
Coat Score Weaning 3.00 ± 0.65 2.92 ± 0.85 2.58 ± 0.67 
 Yearling 1.91 ± 0.97 2.09 ± 0.91 1.83 ± 0.57 
 Prebreeding* 3.21 ± 0.51 3.13 ± 0.65 2.81 ± 0.60 
Chute Score Weaning 1.12 ± 0.44 1.09 ± 0.29 1.33 ± 0.65 
 Yearling                  -                   -                   - 
 Prebreeding                  -                   -                   - 
Longissimus Area (cm
2
) Weaning 34.64 ± 5.53 35.41 ± 4.58 35.35 ± 7.22 
 Yearling 41.67 ± 6.39 43.47 ± 5.87 42.70 ± 7.99 
 Prebreeding 51.73 ± 3.14 50.69 ± 2.67 50.05 ± 3.07 
Rib Fat (cm) Weaning 0.35 ± 0.06 0.38 ± 0.08 0.36 ± 0.09 
 Yearling 0.61 ± 0.09 0.63 ± 0.10 0.65 ± 0.10 
 Prebreeding 0.81 ± 0.11 0.77 ± 0.11 0.82 ± 0.13 




 ± 0.10 0.36
d
 ± 0.07   
 Yearling 0.42 ± 0.09 0.45 ± 0.11 0.50 ± 0.13 
 Prebreeding 0.56
a
 ± 0.13 0.63
a,b
 ± 0.15 0.76
b
 ± 0.25 
Repro Tract Score Weaning                  -                   -                   - 
 Yearling                  -                   -                   - 




Table 30. Lactate Dehydrogenase B A606G coding sequence SNP relationship to growth, 










       Genotypic Averages 
  
 
     AA 
 
         AG 
 
Body Weight (kg) Weaning 194.69 ± 33.22 182.99 ± 42.56 
 Yearling 249.84 ± 35.50 238.30 ± 45.99 
 Prebreeding 294.11 ± 36.43 283.95 ±49.41 
Hip Height (cm) Weaning 110.16 ± 5.21 108.13 ± 6.32 
 Yearling 117.58 ± 4.39 116.61 ± 5.41 
 Prebreeding 122.98 ± 4.67 121.06 ± 6.71 
Hip Width (cm) Weaning 31.88 ± 2.69 31.19 ± 2.74 
 Yearling 36.65 ± 2.61 36.11 ± 2.46 
 Prebreeding 38.65 ± 2.33 38.30 ± 2.09 
Pelvic Height (cm) Weaning 13.46 ± 1.22 13.11 ± 1.08 
 Yearling 14.99 ± 0.79 14.55 ± 1.04 
 Prebreeding 15.97 ± 0.75 15.75 ± 0.38 
Pelvic Width (cm) Weaning 11.20 ± 1.13 11.11 ± 1.14 
 Yearling 12.64 ± 0.84 12.33 ± 1.14 
 Prebreeding 14.25 ± 0.89 14.12 ± 0.64 
Coat Score Weaning 2.92 ± 0.79 2.88 ± 0.78 
 Yearling 2.08
a
 ± 0.89 1.44
b
 ± 0.72 
 Prebreeding* 3.11 ± 0.60 3.25 ± 0.88 
Chute Score Weaning 1.13 ± 0.37 1.33 ± 0.70 
 Yearling                   -                   - 





 ± 4.84 31.35
b
 ± 7.42 
 Yearling 43.02
c
 ± 6.19 39.40
d
 ± 8.26 
 Prebreeding 51.02
c
 ± 7.16 47.15
d
 ± 8.58 
Rib Fat (cm) Weaning 0.37 ± 0.08 0.34 ± 0.03 
 Yearling 0.64 ± 0.10 0.58 ± 0.07 
 Prebreeding 0.79 ± 0.12 0.75 ± 0.07 
Rump Fat Weaning 0.36 ± 0.10 0.30 ± 0.09 
 Yearling 0.43 ±0.12 0.41 ± 0.07 
 Prebreeding 0.64 ± 0.18 0.52 ± 0.11 
Repro Tract Score Weaning                   -                   - 
 Yearling                   -                   - 
 Prebreeding 3.68
a
 ± 1.41 2.62
b
 ± 1.40 
 
a,b
 P < 0.05 
c,d
 P < 0.15 
88 
 
Table 31. Lactate Dehydrogenase B C541A coding sequence SNP relationship to growth, 
carcass, reproductive, and temperament indicators at weaning, yearling, and prebreeding. 
a,b
P < 0.05 
c,d













        CC 
 
      CA 
 
Body Weight (kg) Weaning 194.90 ± 33.39 182.57 ± 40.15 
 Yearling 249.98 ±35.72 238.19 ± 43.33 
 Prebreeding 294.24 ± 36.65 283.95 ± 46.21 
Hip Height (cm) Weaning 110.19 ± 5.23 108.15 ± 5.97 
 Yearling 117.58 ± 4.42 116.64 ± 5.10 
 Prebreeding 123.00 ± 4.72 121.16 ± 6.27 
Hip Width (cm) Weaning 31.88 ± 2.69 31.14 ± 2.59 
 Yearling 36.67 ± 2.61 35.94 ± 2.40 
 Prebreeding 38.68 ± 2.31 38.13 ± 2.04 







 ± 0.98 
 Prebreeding 15.98 ± 0.74 15.67 ± 0.43 
Pelvic Width (cm) Weaning 11.21 ± 1.14 11.10 ± 1.07 
 Yearling 12.65 ± 0.83 12.30 ± 1.08 
 Prebreeding 14.27 ± 0.88 13.94 ± 0.81 
Coat Score Weaning 2.92 ± 0.80 2.90 ± 0.74 
 Yearling 2.07 ± 0.89 1.60 ± 0.84 
 Prebreeding* 3.10 ± 0.59 3.33 ± 0.87 
Chute Score Weaning 1.13 ± 0.37 1.30 ± 0.67 
 Yearling                   -                   - 





 ± 4.83 31.79
b
 ± 7.09 
 Yearling 43.02
c
 ± 6.25 39.47
d
 ± 7.80 
 Prebreeding 50.9 ± 7.22 47.79 ± 8.26 
Rib Fat (cm) Weaning 0.35 ± 0.08 0.33 ± 0.03 
 Yearling 0.63 ± 0.10 0.60 ±0.07 
 Prebreeding 0.79 ± 0.12 0.76 ± 0.07 
Rump Fat (cm) Weaning 0.36 ± 0.10 0.30 ± 0.09 
 Yearling 0.45 ± 0.12 0.41 ± 0.07 
 Prebreeding 0.64 ± 0.19 0.54 ± 0.11 
Repro Tract Score Weaning                   -                   - 
 Yearling                   -                   - 
 Prebreeding 3.68
a
 ± 1.41 2.62
b




Table 32. Lactate Dehydrogenase B C669T coding sequence SNP relationship to growth, 







                   Genotypic Averages 
  
  
                CC 
 
                CT 
 
Body Weight (kg) Weaning 194.90 ± 33.06 183.00 ± 42.57 
 Yearling 249.98 ± 35.11 238.29 ± 45.98 
 Prebreeding 294.44 ± 36.31 283.95 ± 49.41 
Hip Height (cm) Weaning 110.19 ± 5.18 108.13 ± 6.32 
 Yearling 117.60 ± 4.37 116.61 ± 5.41 
 Prebreeding 123.06 ± 4.70 121.06 ± 6.70 
Hip Width (cm) Weaning 31.88 ± 2.67 31.19 ± 2.74 
 Yearling 36.68 ± 2.59 36.11 ± 2.48 
 Prebreeding 38.68 ± 2.34 38.30 ± 2.10 
Pelvic Height (cm) Weaning 13.47 ± 1.22 13.11 ± 1.08 
 Yearling 14.99 ± 0.78 14.55 ± 1.04 
 Prebreeding 15.98 ± 0.75 15.75 ± 0.37 
Pelvic Width (cm) Weaning 11.21 ± 1.12 11.11 ± 1.13 
 Yearling 12.64 ± 0.83 12.33 ± 1.14 
 Prebreeding 14.26 ± 0.89 14.12 ± 0.64 
Coat Score Weaning 2.91 ± 0.79 2.88 ± 0.78 
 Yearling 2.08 ± 0.88 1.44 ± 0.72 
 Prebreeding* 3.11 ± 0.59 3.25 ± 0.88 
Chute Score Weaning 1.13 ± 0.37 1.33 ± 0.70 
 Yearling                   -                   - 





 ± 4.77 31.34
b
 ± 7.42 
 Yearling 43.09
c
 ± 6.19 39.40
d
 ± 8.26 
 Prebreeding 47.02 ± 7.16 47.15 ± 8.57 
Rib Fat (cm) Weaning 0.36 ± 0.07 0.33 ± 0.03 
 Yearling 0.61 ± 0.10 0.59 ± 0.07 
 Prebreeding 0.78 ± 0.10 0.74 ± 0.07 
Rump Fat (cm) Weaning 0.36 ± 0.10 0.30 ± 0.09 
 Yearling 0.43 ± 0.12 0.41 ± 0.07 
 Prebreeding 0.64 ± 0.18 0.53 ± 0.11 
Repro Tract Score Weaning                   -                   - 
 Yearling                   -                   - 
 Prebreeding 3.68
a
 ± 1.40 2.63
b
 ± 1.40 
 
a,b
P < 0.05 
c,d




Table 33. Lactate Dehydrogenase B G163A promoter SNP relationship to enzymatic activity 


















































LDHf = Lactate Dehydrogenase forward, LDHr = Lactate Dehydrogenase reverse, P4 = 
Progesterone, PRL = Prolactin, CORT = Cortisol.  
a,b
P < 0.02  
c,d









      Genotypic Averages 
   
      GG 
 




 ± 174.04 930.60
b
 ± 189.61 
 Yearling 620.38 ± 167.83 676.20 ± 82.50 
 Prebreeding 310.42 ± 128.40 325.01 ± 102.30 
LDHr Weaning 68.67 ± 35.52 83.76 ± 75.00 
 Yearling 96.89 ± 41.78 101.70 ± 37.19 
 Prebreeding 31.37 ± 18.28 36.23 ± 24.71 
P4 Weaning 0.22 ± 0.27 36.23 ± 0.04 
 Yearling 0.67 ± 1.72 36.23 ± 0.83 
 Prebreeding                    -                   - 
PRL Weaning 34.63 ± 51.66 15.74 ± 15.27 
 Yearling 14.28 ± 21.73 30.14
 
± 46.36 
 Prebreeding                    -                   - 
CORT Weaning 31.25
c
 ± 10.18 22.40
d
 ± 9.97 
 Yearling 25.54 ± 12.50 30.94 ± 14.95 




Table 34. Lactate Dehydrogenase B G348A promoter SNP relationship to enzymatic activity 
and hormonal concentrations.  
*
LDHf = Lactate dehydrogenase forward, LDHr = Lactate dehydrogenase reverse,  
PRL = Prolactin, P4 = Progesterone, CORT = Cortisol.   
a,b 

























± 107.08  
 Yearling 822.79 ± 80.73 799.14 ± 70.36 790.63 ± 54.30 
 Prebreeding 668.77 ± 28.29 637.90 ± 38.33 731.52 ± 28.38 
LDHr Weaning 89.52 ± 44.24 90.61 ± 44.05 108.98 ± 48.05 
 Yearling 128.22 ± 54.30 118.69 ± 45.93 122.63 ± 46.76 
 Prebreeding 68.99 ± 28.29 67.39 ± 38.33 63.75 ± 28.38 
P4 Weaning 0.26 ± 0.30 0.21 ±0.26 0.17 ± 0.14 
 Yearling 0.52 ± 1.70 0.69 ± 1.70 0.72 ± 0.81 
 Prebreeding                 -                 -                 - 
PRL Weaning 38.67 ± 57.75 35.32 ± 62.09 36.33 ± 39.95 
 Yearling 17.67 ± 22.51 11.62 ± 18.15 24.94 ± 38.22 
 Prebreeding                 -                 -                 - 
CORT Weaning 30.54 ± 12.02 30.86 ± 9.92 31.75 ± 8.70 
 Yearling 23.99 ± 14.14 24.61 ± 11.04 30.73 ± 14.77 




Table 35. Lactate Dehydrogenase B C541A coding sequence SNP relationship to enzymatic 



















































LDHf = Lactate dehydrogenase forward, LDHr = Lactate dehydrogenase reverse,  
PRL = Prolactin, P4 = Progesterone, CORT = Cortisol.











   Genotypic Averages 
  
 
   CC 
 
  CA 
 
LDHf Weaning 970.08 ± 136.17 986.10 ± 116.50 
 Yearling 797.55
a
 ± 69.69 853.47
b
 ± 70.36 
 Prebreeding 657.00 ± 140.81 652.24 ± 142.14 
LDHr Weaning 91.16 ± 43.97 113.36 ± 46.53 
 Yearling 124.68 ± 43.86 105.73 ± 71.35 
 Prebreeding 66.15 ± 33.58 85.19 ± 41.04 
P4 Weaning 0.21 ± 0.22 0.29 ± 0.46 
 Yearling 0.70 ± 1.69 0.27 ± 0.25 
 Prebreeding                 -                 - 
PRL Weaning 39.06 ± 60.70 11.07 ± 11.68 
 Yearling 15.12 ± 23.87 10.58 ± 10.38 
 Prebreeding                 -                 - 
CORT Weaning 30.53 ± 9.63 32.49 ± 14.08 
 Yearling 24.76 ± 12.17 27.64 ± 14.98 




Table 36. Lactate Dehydrogenase B A606G coding sequence SNP relationship to enzymatic 


















































LDHf = Lactate dehydrogenase forward, LDHr = Lactate dehydrogenase reverse,  
PRL = Prolactin, P4 = Progesterone, CORT = Cortisol.











        Genotypic Averages 
   
       AA 
 
    AG 
 
LDHf Weaning 971.41 ± 135.81 976.23 ± 119.04 
 Yearling 797.77
a
 ± 69.27 858.22
b
 ± 73.67   
 Prebreeding 656.92 ± 139.89 652.44 ± 151.95 
LDHr Weaning 91.06 ± 43.70 117.09 ± 48.27 
 Yearling 124.71 ± 43.58 103.39 ± 75.27 
 Prebreeding 66.26 ± 33.37 86.56 ± 43.66 
P4 Weaning 0.21 ± 0.22 0.30 ± 0.48 
 Yearling 0.69 ± 1.68 0.28 ± 0.27 
 Prebreeding                   -                  - 
PRL Weaning 38.65 ± 60.42 11.48 ± 12.31 
 Yearling 14.95 ± 23.76 11.66 ± 10.54 
 Prebreeding                   -                  - 
CORT Weaning 30.53 ± 9.57 32.70 ± 14.91 
 Yearling 24.69 ±  12.11 28.72 ± 15.64 




Table 37. Lactate Dehydrogenase B C669T coding sequence SNP relationship to enzymatic 









































LDHf = Lactate dehydrogenase forward, LDHr = Lactate dehydrogenase reverse,  
PRL = Prolactin, P4 = Progesterone, CORT = Cortisol
     a,b






























         
         Genotypic Averages 
  
 
      CC 
 
     CT 
 
LDHf Weaning 972.67 ± 135.41 976.23 ± 119.04 
 Yearling 798.41
a
 ± 69.06 858.22
b
 ± 73.67 
 Prebreeding 657.74 ±139.16 652.44 ± 151.95 
LDHr Weaning 90.66 ± 43.57 117.09 ± 48.27 
 Yearling 123.91 ± 43.87 103.39 ± 75.27 
 Prebreeding 65.97 ± 33.26 86.56 ± 43.66 
P4 Weaning 0.21 ±0.21 0.30 ± 0.49 
 Yearling 0.68 ± 1.67 0.29 ± 0.27 
 Prebreeding                   -                   - 
PRL Weaning 38.78 ± 60.05 11.48 ± 12.31 
 Yearling 15.13 ± 23.67 11.66 ± 10.54 
 Prebreeding                   -                   - 
CORT Weaning 30.73 ± 9.67 32.70 ± 14.91 
 Yearling 24.83 ± 12.10 28.72 ± 15.64 









































      AG vs. GG    0.87 0.03 - 23.27 
   
G348A   
      AA vs. AG 1.77 0.08 - 40.78 
      AA vs. GG 2.78 0.11 - 70.20 
      AG vs. GG 1.57 0.28 - 8.82 
   
C541A   
      CA vs. CC 0.38 0.05 - 2.95 
   
A606G   
      AA vs. AG 2.96 0.38 - 23.34 
   
C669T   





Table 39. Coding and promoter sequence SNP of LDHB to yearling cyclicity. 
























      AG vs. GG    0.50 0.06 - 4.17 
   
G348A*   
      AA vs. AG 0.28 0.07 - 1.17 
      AA vs. GG 0.11 0.13 - 0.85 
      AG vs. GG 0.39 0.06 - 2.48 
   
C541A   
      CA vs. CC 0.46 0.09 - 2.38 
   
A606G   
      AA vs. AG 2.54 0.48 - 13.65 
   
C669T   

















      AG vs. GG    5.00     0.12 - 214.57 
   
G348A   
      AA vs. AG 0.30 0.07 - 1.33 
      AA vs. GG 0.42 0.08 - 2.15 
      AG vs. GG 1.39 0.43 - 4.45 
   
C541A   
      CA vs. CC 2.03   0.23 - 18.39 
   
A606G   
      AA vs. AG 0.49 0.05 - 4.42 
   
C669T   




Table 41. Allelic and genotypic frequencies of prolactin promoter and coding sequence SNP.  




              
 
                                                             
                                                                                         Allele %                      Genotype, n 
  




                      A              G                               AA          AG            
                        88.4%        11.6%                           66            20               
                                                                                               
                                          
 
                                                                                        Allele %                      Genotype, n 
  




                      C              T                      CC            CT             TT 
                        58.0%        42.0%                  23              41              11             
                                          
                                                             
                                                                                        Allele %                      Genotype, n 
  




                      G              A                     GG            GA            AA 
                        63.3%        36.7%                  36              40              12 
                
a
Promoter region SNP.  
b































Table 42. Prolactin G8398A coding sequence SNP relationship to growth, carcass, reproductive, 









    
         GG 
        
         GA 
      
    AA 
 
Body Weight (kg) Weaning 190.40 ± 30.98 196.00 ± 35.62 194.44 ± 40.48 
 Yearling 246.31 ± 30.82 252.25 ± 39.03 243.68 ± 45.40 
 Prebreeding 290.74 ± 34.07 296.46 ± 37.94 288.90 ± 48.63 
Hip Height (cm) Weaning 109.83 ± 5.13 109.96 ± 5.23 110.24 ± 6.60 
 Yearling 117.60 ± 4.72 117.42 ± 4.39 117.22 ± 4.32 
 Prebreeding 122.73 ± 5.10 122.70 ± 4.72 123.39 ± 5.21 
Hip Width (cm) Weaning 31.47 ± 2.56 32.13 ± 2.48 31.67 ± 3.60 
 Yearling 36.20 ± 2.62 37.00 ± 2.43 36.45 ± 3.07 
 Prebreeding 38.40 ± 2.31 38.83 ± 2.18 38.60 ± 2.74 
Pelvic Height (cm) Weaning 13.36 ± 1.06 13.46 ± 1.25  13.50 ± 1.53 
 Yearling 15.00 ± 0.69 14.96 ± 0.86 14.75 ± 1.05 
 Prebreeding 16.01 ± 0.64 15.95 ± 0.78 15.72 ± 0.75 
Pelvic Width (cm) Weaning 11.05 ± 0.97 11.28 ± 1.15 11.33 ± 1.45 
 Yearling 12.51 ± 0.78 12.73 ± 0.93 12.50 ± 0.90 
 Prebreeding 14.28 ± 0.81 14.23 ± 0.86 14.13 ± 1.14 
Coat Score Weaning 3.05 ± 0.82  2.82 ± 0.74 2.83 ± 0.83 
 Yearling 2.11 ± 0.91 2.00 ± 0.87 1.83 ± 0.93 
 Prebreeding* 3.05 ± 0.63 3.17 ± 0.67 3.18 ±0.40 
Chute Score Weaning 1.17 ± 0.50 1.13 ± 0.33 1.17 ± 0.39 
 Yearling                 -                 -                - 





Weaning 35.08 ± 5.29 34.63 ± 5.16 36.63 ± 5.55 
 Yearling 42.38 ± 6.84 43.21 ± 7.35 42.05 ± 5.29 
 Prebreeding 50.76 ± 7.68 49.60 ± 6.25 54.24 ± 9.41 
Rib Fat (cm) Weaning 0.36 ± 0.08 0.37 ± 0.09 0.37 ± 0.7 
 Yearling 0.61
a
 ± 0.09 0.65
b
 ± 0.10 0.59
a
 ± 0.11 
 Prebreeding 0.76
c
 ± 0.12 0.81
d
 ± 0.11 0.74
c
 ± 0.09 
Rump Fat (cm) Weaning 0.33 ± 0.09 0.36 ± 0.11 0.38 ± 0.09 
 Yearling 0.43 ± 0.10 0.47 ± 0.13 0.43 ± 0.11 
 Prebreeding 0.59 ± 0.15 0.66 ± 0.18  0.56 ± 0.18 
Repro Tract Score Weaning                 -                 -                - 
 Yearling                 -                 -                - 
 Prebreeding 3.45
a
 ± 1.39 3.44
a
 ± 1.44 4.55
b
 ± 1.33 
 
a,b
 P < 0.10 
c,d






Table 43. Prolactin A1128G promoter SNP relationship to growth, carcass, reproductive, and 












              
           Genotypic Averages 
  
           
                         AA 
 
                  
                                 AG 
Body Weight (kg) Weaning 197.02 ± 34.27 185.64 ± 32.11 
 Yearling 252.65 ± 37.11 237.65 ± 33.77 
 Prebreeding 296.32 ± 37.51 284.94 ± 37.53 
Hip Height (cm) Weaning 110.49 ± 5.15 108.71 ±5.48 
 Yearling 117.95 ± 4.16 116.33 ± 5.00 
 Prebreeding 123.31 ± 4.59 121.64 ± 5.51 
Hip Width (cm) Weaning 32.08 ± 2.64 31.21 ± 2.51 
 Yearling 36.95 ± 2.46
 
35.68 ± 2.67 
 Prebreeding 38.89 ± 2.28 37.92 ± 2.15 
Pelvic Height (cm) Weaning 13.54 ±1.21 13.15 ± 1.02 
 Yearling 14.99 ± 0.86 14.87 ± 0.70 
 Prebreeding 15.98 ± 0.76 15.85 ± 0.54 
Pelvic Width (cm) Weaning 11.31 ± 1.13 10.95 ± 0.94 
 Yearling 12.73 ± 0.85 12.27 ± 0.86 
 Prebreeding 14.28 ± 0.90 14.12 ± 0.79 
Coat Score Weaning 2.77 ± 0.78 3.35 ± 0.67 
 Yearling 1.93 ± 0.87 2.30 ± 0.92 
 Prebreeding                         -                      - 
Chute Score Weaning 1.18 ± 0.46 1.05 ± 0.22 
 Yearling                         -                      - 
 Prebreeding                         -                      - 
Longissimus Area (cm
2
) Weaning 35.34 ± 5.03 34.70 ± 6.12 
 Yearling 42.89 ± 6.57 42.18 ± 6.51 
 Prebreeding 50.95 ± 7.03 50.76 ± 8.19 
Rib Fat (cm) Weaning 0.37 ± 0.08 0.37 ± 0.06 
 Yearling 0.63 ± 0.10 0.58 ± 0.08 
 Prebreeding 0.78 ± 0.11 0.74 ± 0.12 
Rump Fat (cm) Weaning 0.35 ± 0.10 0.35 ± 0.09 
 Yearling 0.45 ± 0.12 0.41 ± 0.10 
 Prebreeding 0.64 ± 0.19 0.57 ± 0.15 
Repro Tract Score Weaning                         -                      - 
 Yearling                         -                      - 




Table 44. Prolactin C1286T promoter SNP relationship to growth, carcass, reproductive, and 




   
Collection 
           
Genotypic Averages 
  
               
                            CC 
              
                        CT 
           
                      TT 
 
Body Weight (kg) Weaning 187.67 ± 31.29 198.15 ± 33.39 183.84 ± 43.64 
 Yearling 246.27 ± 33.31 252.78 ± 36.86 234.28 ± 46.42 
 Prebreeding 290.37 ±37.49 296.70 ± 35.89 277.44 ± 41.58 
Hip Height (cm) Weaning 109.37 ± 5.05 110.31 ± 5.30 109.14 ± 6.60 
 Yearling 117.30 ±4.90 118.03 ± 4.30 115.49 ± 4.30 
 Prebreeding 123.04 ± 5.71 123.08 ± 4.49 121.71 ± 5.10 
Hip Width (cm) Weaning 31.22 ±2.23 32.21 ± 2.46 31.21 ± 3.79 
 Yearling 36.09 ±2.64 36.96 ± 2.39 36.04 ± 3.22 
 Prebreeding 38.32 ±2.53 38.89 ± 2.15 38.25 ± 2.67 
Pelvic Height (cm) Weaning 13.43 ± 1.00 13.50 ± 1.07 12.90 ± 1.70 
 Yearling 14.95 ± 0.81 14.97 ± 0.85 14.63 ± 1.09 
 Prebreeding 15.91 ±0.68 16.01 ± 0.78 15.63 ±0.77 
Pelvic Width (cm) Weaning 11.06 ± 0.82  11.36 ± 1.06 11.00 ± 1.71 
 Yearling 12.47 ±0.88 12.71 ± 0.90 12.45 ± 0.96 
 Prebreeding 14.23 ± 0.86  14.31 ± 0.84 14.00 ± 1.18 
Coat Score Weaning 2.95 ± 0.87 2.85 ± 0.79 3.00 ± 0.63 
 Yearling 2.08 ± 0.79 2.04 ± 0.94 2.09 ± 0.94 
 Prebreeding* 3.00 ± 0.73 3.15 ± 0.66 3.36 ± 0.50 
Chute Score Weaning 1.17 ± 0.49 1.12 ± 0.33 1.09 ± 0.30 
 Yearling                    -                  -                - 
 Prebreeding                    -                  -                - 
Longissimus Area (cm
2
) Weaning 34.95 ± 5.74 34.83 ± 4.97 35.28 ± 6.51 
 Yearling 41.47 ±5.61 42.96 ± 6.77 41.15 ± 8.32 
 Prebreeding 50.11 ± 7.93 50.05 ± 6.39 52.63 ± 10.70 
Rib Fat (cm) Weaning 0.36 ± 0.07 0.37 ± 0.08 0.36 ± 0.07 
 Yearling 0.64 ±0.09 0.65 ± 0.10 0.60 ± 0.11 
 Prebreeding 0.76 ± 0.11 0.81 ± 0.12 0.74 ± 0.10 
Rump Fat (cm) Weaning 0.35 ± 0.07 0.36 ± 0.08 0.35 ± 0.08 
 Yearling 0.43 ±0.10 0.46 ± 0.13 0.41 ± 0.12 
 Prebreeding 0.60 ± 0.15 0.66 ± 0.20 0.56 ± 0.18 
Repro Tract Score Weaning                    -                  -                - 
 Yearling                    -                   -                - 







Table 45. Prolactin G8398A coding sequence SNP relationship to enzymatic activity and 
hormonal concentrations.  
* 
LDHf = Lactate dehydrogenase forward, LDHr = Lactate dehydrogenase reverse,  
PRL = Prolactin, P4 = Progesterone, CORT = Cortisol
   a,b 
















  GG 
 
  GA 
 
                      AA 
 
LDHf Weaning 970.31 ± 135.71 969.33 ± 143.43 985.25 ± 96.64 
 Yearling 818.95 ± 81.77 793.91 ± 61.03 789.20 ± 68.56 
 Prebreeding 687.30
d
 ± 127.00 649.99
d
 ± 148.40 584.99
c
 ± 129.48  
LDHr Weaning 95.04 ± 43.32 85.33 ± 41.98 115.93 ± 51.25 
 Yearling 131.23 ± 46.04 113.31 ± 51.00 126.24 ± 38.13 
 Prebreeding 66.69 ± 36.24 66.06 ± 34.41 80.38 ± 30.60 
P4 Weaning 0.22 ± 0.25 0.22 ± 0.28 0.17 ± 0.15 
 Yearling 0.63 ± 1.60 0.77 ± 1.85 0.33 ± 0.29 
 Prebreeding               -               -               - 
PRL Weaning 34.67 ± 59.22  35.98 ± 56.39 39.16 ± 63.95 
 Yearling 9.62
a
 ± 8.55 14.47
a
 ± 20.73 30.31
b
 ± 44.88  
 Prebreeding               -               -               - 
CORT Weaning 29.71 ± 9.01 32.32 ± 10.25 28.66 ± 12.90 
 Yearling 20.78
c
 ± 11.66 26.69
c,d
 ± 10.95 32.56
d
 ± 15.09  















































LDHf = Lactate dehydrogenase forward, LDHr = Lactate dehydrogenase reverse,  
PRL = Prolactin, P4 = Progesterone, CORT = Cortisol. 
  a,b
 P < 0.05




































             AA 
 
   
    AG 
LDHf Weaning 745.62
a
 ± 180.54 679.85
b
 ± 144.28 
 Yearling 607.24
c
 ± 148.01 706.25
d
 ± 222.82 
 Prebreeding 317.16 ± 130.89 308.36 ± 99.93 
LDHr Weaning 74.97 ± 39.39 62.01 ± 30.76 
 Yearling 96.30 ± 38.78 98.41 ± 57.33 
 Prebreeding 33.84 ± 21.40 34.93 ± 20.95 
P4 Weaning 0.22 ± 0.27 0.21 ± 0.19  
 Yearling 0.74 ± 1.80 0.41 ± 0.77 
 Prebreeding               -               - 
PRL Weaning 35.70 ± 53.60 36.87 ± 73.99 
 Yearling 16.20 ± 25.86 10.42 ± 8.53 
 Prebreeding               -               - 
CORT Weaning 31.80 ± 10.65 28.31 ± 6.06 
 Yearling 26.30 ± 12.52 21.78 ± 11.63 




Table 47. Prolactin C1286T promoter SNP relationship to enzymatic activity and hormonal 
concentrations.  
* 
LDHf = Lactate dehydrogenase forward, LDHr = Lactate dehydrogenase reverse,  










































LDHf Weaning 968.45 ± 109.88 974.95± 146.48 926.23 ± 161.38 
 Yearling 809.10 ± 76.64 788.92 ± 61.28 783.74 ± 67.96 
 Prebreeding 693.21 ± 116.81 632.69 ± 155.21 638.65 ± 132.04 
LDHr Weaning     95.97 ± 47.77 86.79 ± 40.69 102.86 ± 52.15 
 Yearling 134.55 ± 44.93 124.21 ± 50.31 102.94 ± 36.00 
 Prebreeding   62.79 ± 30.85 70.62 ± 36.39 65.48 ± 34.22 
P4 Weaning     0.24 ± 0.27 0.24 ± 0.30 0.15 ± 0.15 
 Yearling     0.77 ± 1.93 0.78 ± 1.82 0.28 ± 0.17 
 Prebreeding             -            -            - 
PRL Weaning   28.38 ± 33.36 33.53 ± 55.90 29.69 ± 17.39 
 Yearling     7.50 ±6.67 17.62 ± 27.97 19.42 ± 31.51 
 Prebreeding             -            -            - 
CORT Weaning   31.08 ± 8.00 32.03 ± 10.40 28.32 ± 10.00 
 Yearling   20.72
a
 ± 11.34 26.67
a,b
 ± 12.08 30.52
b
 ± 12.36 













































      AA vs. AG 1.07                       0.15 - 7.55 
   
C1286T   
       CC vs. CT 0.78                 0.14 - 4.44 
       CC vs. TT 0.37                 0.02 - 9.60 
       CT vs. TT 0.48                 0.02 - 11.25 
   
G8398A   
       AA vs. AG 1.62                 0.07 - 40.39 
       AA vs. GG 2.61                 0.11 - 60.72 




































      AA vs. AG   0.75 0.25-7.18 
   
C1286T   
       CC vs. CT                     1.53 0.38 - 6.14 
       CC vs. TT                     0.26 0.01 - 6.09 
       CT vs. TT                     0.17 0.01 - 3.52 
   
G8398A   
       AA vs. AG                     1.77                0.25 - 12.37 
       AA vs. GG                     1.06                0.14 - 8.11 




Table 50. Coding and promoter sequence SNP of prolactin to pregnancy status. 








































      AA vs. AG       0.55                   0.14 - 2.05 
   
C1286T   
       CC vs. CT 2.81                   0.76 - 10.39 
       CC vs. TT 5.40                   0.73 - 39.85 
       CT vs. TT 1.92                   0.31 - 11.73 
   
G8398A*   
       AA vs. AG 0.360                   0.07 - 1.98 
       AA vs. GG 0.187                   0.03 - 1.08 










































June 77.1 1.71 7.1 56.85 N to A 
July 84.5 0.47 6.7 48.13 HA-LD 
August 78.9 3.80 7.2 53.96 A 
September 71.2 3.12 6.0 65.42 N 
October 56.0 2.85 8.3 69.59 N 




N = normal range, A = alert, HA = high alert, LD = low danger 































Finch, V.A. 1986. Body temperature in beef cattle; its control and relevance to production in the 









































Chapter IV: Relationships of Physical Measurements and Polymorphisms of Lactate 
Dehydrogenase and Prolactin to Heifer Immune Response 
 
Abstract 
 Objectives of this research were to determine the effects of lactate dehydrogenase (LDH) 
enzymatic activity and circulating prolactin (PRL) on immune response; and to determine the 
effects of single nucleotide polymorphisms of LDH and PRL on immune response of 
replacement heifers grazing endophyte infected tall fescue. Angus based heifers (n = 89) 
underwent a 48h delayed hypersensitivity trial at 10 mo of age. Heifers received an injection of 1 
cc phytohemagglutinin diluted in saline within the caudal fold at 0 h. Skin fold thickness was 
measured at 0 h, 12 h, 24 h, and 48 h. Blood samples were taken at 24 h and 48 h. Blood cell 
concentrations were determined using the Hemavet 950. Genomic DNA prepared from buffy 
coat was sequenced for single nucleotide polymorphisms of LDH and PRL using Sequenom 
technology. Physical measurement correlations ranged from -0.33 to 0.50. All physical 
parameters showed similar correlations, except for coat score which held inverse relationships. 
Single nucleotide polymorphisms of LDHB affected or tended to affect multiple blood cell 
markers at different times. Prolactin single nucleotide polymorphisms did not affect immune 
response except for mean corpuscular volume.  










 Quality and quantity are not often placed in the same sentence. Consumer demands have 
changed this for the beef industry and producers are putting the two together to maximize their 
profit potential. Animal health is of great importance in accomplishing this task.  
Financial loss from disease in beef cattle as a whole has not been estimated though 
individual disease losses have ranging from 7-10% of weaning weight per calf from a cow with 
mastitis to $720 per cow infected with Johne’s disease have been estimated (Brett, 1998; Lents, 
1997).  Circulating amounts of lactate dehydrogenase has been shown to increase with the 
presence of disease. Specific elevated isoenzyme activity has raised the sensitivity of testing to 
determine which portion of the body is afflicted. Isoenzyme patterns are also being used to 
determine the diagnosis of viral versus bacterial infection (Fishbach and Dunning III, 2009).  
 Prolactin is affiliated with endocrine, paracrine, and autocrine functions of the immune 
response (Matera, 1996). The lactogenic pituitary hormone not only modulates lymphocyte 
activity to pathogens, but serves as a combatant against neurological induced stress responses to 
maintain central nervous system function under perceived stress (Black, 1994). Thus, as quality 
in the beef industry starts with genetics, LDH and PRL genotypes could indicate animals with 
greater cell mediated immunity to prevent damage from pathogens.  Therefore, the objective of 
this study was: to determine the effects of single nucleotide polymorphisms of LDH and PRL on 
immune function of replacement heifers grazing endophyte infected tall fescue. 
Materials & Methodology 
All animal procedures within this study were approved by the University of Arkansas 
Animal Care and Use Committee (Protocol #10013) or the Committee of Animal Welfare, 




Ten month old Angus based heifers (n = 89), used for this trial were located at the 
University of Arkansas Beef Farm in Savoy, AR. Animals displaying severe physiological stress 
due to elevated temperatures or below acceptable BCS were culled prior to initiation of the 
testing phase. Animals remaining were managed for proper physiological parameters. Heifers 
were maintained on endophyte infected tall fescue [Lolium arundinaceum (Shreb.)] and native 
grasses with free choice access to Pasture Mineral + Mag (Tri State Agri. Services, L.L.C, Afton, 
OK). Dry corn gluten feed was provided in the a.m. and hay provided when pasture growth was 
not adequate to support nutritional requirements.  
Heifers had been vaccinated with a booster shot at weaning for Infectious Bovine 
Rhinotracheitis (IBR), Parainfluenza 3 (PI3) and Bovine Viral Diarrhea (BVD) (Pyramid 10®, 
Boehringer Ingelheim, St. Joseph, MO). They also received a 7 way clostridial booster (Alpha 
7®, Boehringer Ingelheim, St. Joseph, MO). Heifers had been dewormed with an oral drench 
(Synanthic®, Boehringer Ingelheim, St. Joseph, MO) two weeks post weaning.  
Immunological Evaluation 
 Immunological effects of LDH and PRL single nucleotide polymorphisms were 
determined through cell mediated immunity via delayed type hypersensitivity testing. One 
milligram phytohemagglutinin (PHA-M) (Sigma Aldrich, St. Louis, MO) diluted in 1mL saline 
was administered intradermally in the caudal fold at 0 h. Skin fold thickness was measured at 0 
h, 12 h, 24 h, and 48 h using micrometric calipers (Vernier Software & Technology LLC., 
Beaverton OR) (Ata, 2011).  The mucoprotein form of PHA was employed for T cell activation 
of the CD3-Ti complex that is found on the surface of all T cells that causes an escalation in 
intracellular calcium for response (O’Flynn et al., 1986). In contrast, other forms of PHA illicit 
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responses by targeting only the CD2+ receptor that is not found on all forms of T cells (Yang et 
al., 2001). The mucoprotein form of phytohemagglutinin thus provided greater accuracy of 
achieving complete immune response.  
 Blood samples were taken at 24 h and 48 h using purple top vacuum tubes (Vacutainer, 
Becton Dickinson, Inc., Franklin Lakes, NJ) containing the anticoagulant EDTA. Blood cell 
concentrations were determined using the Hemavet 950 (Drew Scientific Inc., Oxford, CT) 
beginning a maximum of four hours post collection. Genomic DNA was extracted, purified, and 
sequenced as in Chapter 3 (pg. 34). Weaning growth and carcass ultrasound measurements taken 
as described in Chapter 3 (pg. 32) were used for physical correlations to immune response. 
Statistical Analysis 
Pearson correlations were used to evaluate relationships between growth and carcass 
indicators taken at weaning, yearling, and prebreeding to immune response measurements. The 
PROC GLM procedure of SAS (SAS Inst. Inc., Cary, NC) was used to determine effects of time, 
SNP, and SNP by time upon blood cell concentrations and skin fold thickness.  
Results 
Pearson Correlations 
 Presented in tables 1 and 2 are Pearson correlation coefficients among measured traits of 
heifers at 9 months of age to immune challenge responses. Body weight, HH, HW, and PW were 
correlated to initial and final skin fold thickness (SF) (P < 0.05). Skin fold thickness correlated to 
PH at all measures and to RBFAT at 12 and 24 h. Body weight, HH, HW, and RF correlated to 
white blood cell count (WBC) at 24 h (P < 0.05). Hip width and CT tended to correlate to WBC 
at 48h (P < 0.15).  
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 Lymphocytes (LY) correlated to HH, HW, and RF at 24h. Rump fat continued to 
correlated to 48h, while HW had a tendency. Body weight, HH, and HW had tendency to be 
negatively associated with neutrophils (NE) at 24 h (r = -0.19, r = -0.19, r = -0.18 respectively, P 
< 0.15). Coat score correlated to NE at 24 h (r = 0.21, P < 0.05) and tended to correlate at 48 h  
(r = 0.17, P < 0.15). 
 Red blood cell (RBC) count negatively and consistently correlated to hip width at both 24 
and 48h (r = -0.25, P < 0.05). Tendency to negatively correlate with NE was seen at 48 h with 
BW, HH, PW, and RF. All parameters, at both 24 and 48 h, were positively correlated to mean 
cell volume (MCV), except CT which was negatively correlated (r = -0.34 and r = -0.33, 
respectively). Platelet (PLT) count correlated to RF at 24 h (r = 0.22, P < 0.05), while HW and 
LA had tendency to correlate (r = 0.17 and r = 0.16, P < 0.15). Composition measures of LA, 
RBFAT, and RF correlated to eosinophils (EO) at 48 h (P < 0.05). Pelvic height displayed 
tendency to correlate with EO (r = 0.16, P < 0.15).  
Genotypic Relationships 
Lactate Dehydrogenase B Genotypes 
Five SNP appeared in the LDHB promoter and coding sequences. Results indicate SNP 
G163A affected the most immune response measurements (Table 3). Heterozygous heifers (GA) 
had increased WBC, NE, and RBC (P < 0.05) compared to homozygous heifers. Heterozygous 
animals also had increased EO counts at 24 and 48 h (P < 0.01).  
Homozygous heifers (CC) at bp 669 (Table 4) had raised MCV (P < 0.05) when 
compared to heterozygous counterparts. Platelet count tended to be higher for homozygous 
animals at 24 and 48 h (P < 0.15). Heifers heterozygous (CT) at bp 669 displayed tendency for 
increased WBC at 24 h and LY, a subdivision of WBC, at 24 and 48 h (P < 0.15). 
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Data in table 5 indicates LDHB SNP A606G was related to 48 h MCV and 24 h PLT (P < 
0.05). Heifers homozygous for the major allele (AA) had higher counts. White blood cell count, 
lymphocytes, and platelet count (48 h) had tendency to be affected (P < 0.15). Heterozygous 
animals (CT) had elevated WBC and LY, whereas homozygous animals continued to have raised 
PLT count. 
 The remaining two SNPS: C541A and G348A were moderately related to immune 
response (Tables 6 and 7). C541A was correlated to 48 h PLT (P < 0.05) where homozygous 
heifers (CC) had raised cell counts. Base position 348 displayed tendency to affect both MCV 
(24 and 48 h) and 48 h PLT (P < 0.10). Heifers homozygous for the major allele (GG) had higher 
PLT, but lower MCV. Regardless of SNP, MCV levels were below normal range. Skin fold 
thickness at 24 h had tendency to be affected (P < 0.15) at bp 348. Heterozygous (GA) animals 
had the thickest SF.  
 Prolactin Genotypes 
Single nucleotide polymorphisms of PRL (Tables 8 through 10) had no effect on immune 
response measures, with the exception of MCV. Promoter SNP C1286T and coding SNP 
G8398A affected MCV (P < 0.05). Heifers homozygous at either bp had lower MCV to 
heterozygous and minor allele homozygous counterparts. Promoter SNP A1128G had tendency 
to affect MCV (P < 0.15). Regardless of SNP, MCV levels were below normal range.  
Discussion 
Pearson Correlations 
 Pearson correlation coefficients ranged from -0.33 to 0.50 among physical measurements 
to immune response of 10 month old heifers. Correlations between physical measures and 
immune traits such as BW to skin fold thickness have been previously documented. Variability 
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within the range of correlation coefficients is also a common occurrence being influenced by 
breed type, gender, and external factors including nutrition. Our data concurs with the previous 
findings and suggests body weight is positively correlated to skin fold thickness as a predictor of 
body fat (Deurenberg et al., 1990). 
 Body fat, independent of gender and age has been shown to correlate to white blood cell 
count in human subjects (Nanji and Freeman, 1985; Nieto et al., 1992). Correlation of the 
physical measurement to WBC is attributed to leptin, a hormone produced by white adipose 
tissue (Zhang et al., 1994). Directly associated with food intake, leptin has only recently been 
found to be an immunomodulator causing: stimulation of growth hormone, CD4+ T lymphocyte 
function to reverse starvation induced immune suppression, and inducing chemotaxis of 
neutrophils (Dixit et al., 2003; Lord et al., 1998; Caldefie-Chezet et al., 2003). Destruction of the 
neutrophils by chemotaxis attributed to leptin concurs with the negative correlation found 
between NE and BW in this study and results found by Greatorex (1954) and Alexander et al. 
(1959). Glucocorticoid interactions may have also suppressed neutrophil correlations as bovine 
neutrophils have been shown to be highly sensitive to glucocorticoids diminishing L-selectin 
expression (Webber et al., 2004). 
  Lymphocytes decreased with BW. Age associated atrophy of the thymus is likely the 
base cause (Andrew and Aspinali, 2002). Recent studies suggest females undergo thymic atrophy 
at a slower rate, which could explain longer female life expectancy, though this has yet to be 
tested in cattle (Pido-Lopez et al., 2001). Negative correlations of LY to bone growth is also 




 Bhannasar et al. (1961) noted red blood cell concentrations decrease per 45 kg weight 
increase agreeing with results of this study. Mean corpuscular volume (MCV) positively 
correlated to BW indicating hemoglobin concentrations increase per cell with age (Hawkins et 
al., 1954; Burks et al., 1977). However, Hemavet reports suggest an iron deficiency in trial 
heifers, which would explain the below range MCV. Iron intake may have been minimized due 
to reduced intakes attributed to excess heat regardless of the fact heifers were provided a free 
choice mineral supplement.  
 Bone and ultrasound measures held the same pattern of correlations as BW within this 
study reiterating the connection amongst the range of measurements to total BW. Increased 
eosinophils may have been related to parasitic infection including ticks (Ushio et al., 1993). 
Additional tick saliva interactions for other sampling parameters within this study would have 
only been of concern if PHA-M had been administered previously (Ledin, 2001). 
 Coat score positively correlated to NE, while negatively correlating to MCV. Positive 
correlation of NE was due to increase in core temperature causing stress leading to the release of 
adrenalin. Adrenalin release can lead to leukocytosis, of which neutrophil increase is the most 
common form (Iverson et al., 1994). Negative correlation of MCV could be attributed to 
inefficiency of RBC to bind to hemoglobin, indicating a greater number of RBC is required to 
maintain normal function. Experimental results suggest this theory to be correct as RBC was 








Lactate Dehydrogenase B   
 Genotypes of LDHB relate to WBC count at specific bp. Type of WBC cellular increases 
were associated with different CT. Animals in which CT was higher subsequently had greater 
NE counts, which could be attributed to adrenaline release.  
 In cases where WBC increased, but CT was similar among genotypes, lymphocytes 
increased. Elevation in LY numbers may have been associated with raised respiratory rates to 
dissipate heat as temperatures rose during working conditions. Higher respiration with no 
observed change in RBC concentrations suggests hypoxia was thus induced. 
 Heifers were likely predisposed to hypoxic conditions from low iron causing poor 
binding of hemoglobin and less oxygen uptake. Heifers with higher CT may have shown less 
severe reactions from acclimation to generally higher thermal temperatures and through relative 
increase in RBC in comparison to those that had shed.  McManus et al. (2011) found similar 
results in sheep based on wool parameters. Platelet counts were increased in animals with 
increased lymphocytes as a secondary reaction to inflammation.  
Prolactin Genotypes 
 Prolactin genotypes did not influence blood parameters within this study except for  
 
MCV. Lack of relationship of the gene to immune responses indicates common genetic variation 








 Genetic selection for immune response would assist in choosing desirable replacement 
heifers. Using LDHB and PRL single nucleotide polymorphisms, producers may well target 
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Table 1. Pearson correlation coefficients among weaning physical measurements to immune response of 10 month old heifers. 
a
SF = Skin fold thickness, WBC = white blood cells, NE = neutrophils, LY = lysosomes, RBC = red blood cells, MCV = mean 
corpuscular volume, PLT = platelet, and EO = eosinophil. *P < 0.0001, **P < 0.01, 
*
P < 0.05, 
+
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            EO 
 
 





     
          - 
       
           - 
       
           - 
     
          - 
     
           - 
      
         - 
      
         - 
 12 0.04       -       -       -       -        -      -      - 






-0.15 0.46* 0.10 0.03 
 48 0.22
*
 -0.12 -0.10 -0.11 -0.19
+ 
0.48* 0.04 0.14 
Hip Height (cm) 0 0.30**       -       -       -       -        -      -      - 
 12 -0.01       -       -       -       -        -      -      - 




 -0.15 0.40** 0.11 0.00 
 48 0.26
*
 -0.13 -0.05 -0.16 -0.18
+ 
0.42* 0.04 0.14 
Hip Width (cm) 0 0.27
*
       -       -       -       -        -      -      - 
 12 -0.02       -       -       -       -        -      -      - 



















 0.50* 0.05 0.14 
Pelvic Height (cm) 0 0.33**       -       -       -       -        -      -      - 
 12 -0.21
*
       -       -       -       -        -      -      - 
 24 -0.20
*
 0.05 -0.02 0.07 0.00 0.20
*
 0.06 0.13 
 48 0.22
*




Pelvic Width (cm) 0 0.36**       -       -       -       -        -      -      - 
 12 -0.12       -       -       -       -        -      -      - 
 24 -0.14 0.08 0.00 0.11 -0.15 0.26
*
 0.04 0.14 
 48 0.22
*
 0.11 0.04 0.12 -0.17
+ 
0.30** 0.00 0.14 
Coat Score 0 0.01       -       -       -       -        -      -      - 
 12 0.08       -       -       -       -        -      -      - 
 24 0.12 0.12 0.21
*
 0.00 0.10 -0.34** 0.02 0.10 
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           - 
      
          - 
       
           - 
 12 0.03       -       -       -       -       -       -       - 




-0.08 0.43* 0.16 0.09 
 48 0.07 -0.04 0.06 -0.14 -0.13 0.44* 0.17
+ 
0.33** 
Rib Fat (cm) 0 0.18
+ 
      -       -        -       -       -       -       - 
 12 0.07       -       -        -       -       -       -       - 




 0.47* 0.00 -0.05 
 48 0.01 -0.18
+ 
0.01 -0.27** -0.29** 0.47* 0.06 0.03 
Rump Fat (cm) 0 0.11       -       -        -       -       -       -       - 
 12 0.03       -       -        -       -       -       -       - 






 0.49* 0.01 -0.03 




 0.48* 0.03 0.08 
 
a
SF = Skin fold thickness, WBC = white blood cells, NE = neutrophils, LY = lysosomes, RBC = red blood cells, MCV = mean 
corpuscular volume, PLT = platelet, and EO = eosinophil. *P < 0.0001, **P < 0.01, 
*
P < 0.05, 
+








Table 3. Lactate dehydrogenase B G163A SNP relationship to immune response measures. 
a,b
P < 0.01 
c,d


















                      Genotypic Averages 
 
   
           GG 
 
           GA 
 
Skin Fold Thickness (mm) 0 3.04 ± 0.94  3.62 ± 1.25 
 12 8.34 ± 1.79 7.75 ± 2.21 
 24 5.82 ± 1.07 5.87 ± 0.62 
 48 3.95 ± 0.76 3.75 ± 1.32 
White Blood Cell (K/µL) 0                      -                      - 
 12                      -                      - 
 24 11.70
c
 ± 2.46 15.09
d
 ± 3.60 
 48 11.13
c
 ± 2.28 13.76
d
 ± 2.59 
Neutrophil (K/µL) 0                      -                      - 
 12                      -                      - 
 24 4.01
c
 ± 0.93 7.37
d
 ± 3.18 




 ± 1.89 
Lymphocytes (K/µL) 0                      -                      - 
 12                      -                      - 
 24 6.62 ± 1.66 5.81 ± 1.17 
 48 6.34 ± 1.50 6.20 ± 1.53 
Red Blood Cell  (M/µL) 0                      -                      - 
 12                      -                      - 
 24 8.98
c
 ± 0.79 9.88
d
 ± 0.68 
 48 8.95
c
 ± 0.85 10.05
d
 ± 0.85 
Mean Corpuscular Volume (fL) 0                      -                      - 
 12                      -                      - 
 24 32.77 ± 2.75 31.07 ± 2.02 
 48 32.68 ± 2.87 31.17 ± 2.10 
Platelet (K/µL) 0                      -                      - 
 12                      -                      - 
 24 451.78 ± 131.32 472.50 ± 128.28 
 48 434.50 ± 115.94 484.50 ± 104.72 
 Eosinophil (K/µL) 0                      -                      - 





 ± 0.35 
 48 0.42
a
 ± 0.23 0.88
b





Table 4. Lactate Dehydrogenase B C669T SNP relationship to immune response measures.  
a,b
P < 0.05 
c,d




















                     Genotypic Averages 
   
             CC 
 
             CT 
 
Skin Fold Thickness (mm) 0 3.06 ± 0.89 2.87 ± 1.32 
 12 8.41 ± 1.72 7.62  ± 1.76 
 24 5.89 ± 1.08 5.56 ± 0.82 
 48 3.95 ± 0.79 4.06 ± 0.77 
White Blood Cell (K/µL) 0                   -                   - 
 12                   -                   - 
 24 11.73
c
 ± 2.40 13.11
d
 ± 3.34 
 48 11.19 ± 2.24 12.03 ± 2.97 
Neutrophil (K/µL) 0                   -                   - 
 12                   -                   - 
 24 4.17 ± 1.31 4.52 ± 1.15 
 48 4.03 ± 1.24 4.06 ± 0.81 
Lymphocytes (K/µL) 0                   -                   - 
 12                   -                   - 
 24 6.45
c
 ± 1.49 7.37
d
 ± 2.10 
 48 6.21
c
 ± 1.35 6.98
d
 ± 2.02 
Red Blood Cell  (M/µL) 0                   -                   - 
 12                   -                   - 
 24 9.05 ± 0.84 9.22 ± 0.41 
 48 9.06 ± 0.91 9.00 ± 0.55 
Mean Corpuscular Volume 
(fL) 
0                   -                   - 
 12                   -                   - 
 24 32.87 ± 2.67 31.02 ± 2.28 
 48 32.82
a
 ± 2.74 30.75
b
 ± 2.43 
Platelet (K/µL) 0                   -                   - 
 12                   -                   - 
 24 461.90
c
 ± 109.73 383.75
d
 ± 230.05 
 48 446.48
c
 ± 98.23 371.87
d
 ± 186.32 
 Eosinophil (K/µL) 0                   -                   - 
 12                   -                   - 
 24 0.58 ± 0.30 0.58 ± 0.29 





Table 5. Lactate Dehydrogenase B A606G SNP relationships to immune response measures.  
a,b
 P < 0.05 
c,d

















                     Genotypic Averages 
            
                                AA 
 
      AG 
 
Skin Fold Thickness (mm) 0 3.07 ± 0.89 2.87 ± 1.32 
 12 8.40 ± 1.73 7.62 ± 1.76 
 24 5.88 ± 1.08 5.56 ± 0.82 
 48 3.93 ± 0.78 4.06 ± 0.77 
White Blood Cell (K/µL) 0                   -                   - 
 12                   -                   - 




 48 11.13 ± 2.20 12.03 ± 2.97 
Neutrophil (K/µL) 0                   -                   - 
 12                   -                   - 
 24 4.17 ± 1.32 4.52 ± 1.15 
 48 3.98 ± 1.17 4.06 ± 0.81 
Lymphocytes (K/µL) 0                   -                   - 









 48 6.22 ± 1.36 6.98 ± 2.02 
Red Blood Cell  (M/µL) 0                   -                   - 
 12                   -                   - 
 24 9.04 ± 0.85 9.22 ± 0.41 
 48 9.05 ± 0.92 9.00 ± 0.55 
Mean Corpuscular Volume 
(fL) 
0                   -                   - 
 12                   -                   - 
 24 32.91 ± 2.67 31.02 ± 2.28 
 48 32.86
a
 ± 2.72 30.75
b
 ± 2.43 
Platelet (K/µL) 0                   -                   - 
 12                   -                   - 
 24 459.84
a
 ± 109.11 383.75
b
 ± 230.05 
 48 445.60
c
 ± 98.64 371.87
d
 ± 186.32 
 Eosinophil (K/µL) 0                   -                   - 
 12                   -                   - 
 24 0.57 ± 0.30 0.58 ± 0.29 





Table 6. Lactate Dehydrogenase B C541A SNP relationship to immune response measures. 
a,b






















                     Genotypic Averages 
 
 
                 
                               CC 
            
           CA 
 
Skin Fold Thickness (mm) 0 3.08 ± 1.25 2.83 ± 1.25 
 12 8.44 ± 1.75 7.66 ± 1.65 
 24 5.90 ± 1.08 5.44 ± 0.84 
 48 3.95 ± 0.78 3.94 ± 0.80 
White Blood Cell (K/µL) 0                   -                   - 
 12                   -                   - 
 24 11.73 ± 2.43 12.90 ± 3.19 
 48 11.13 ± 2.21 11.93 ± 2.79 
Neutrophil (K/µL) 0                   -                   - 
 12                   -                   - 
 24 4.17 ± 1.33 4.49 ± 1.08 
 48 3.97 ± 1.17 4.16 ± 0.81 
Lymphocytes (K/µL) 0                   -                   - 
 12                   -                   - 
 24 6.46 ± 1.50 7.15 ± 2.08 
 48 6.24 ± 1.36 6.75 ± 2.00 
Red Blood Cell  (M/µL) 0                   -                   - 
 12                   -                   - 
 24 9.06 ± 0.84 9.04 ± 0.65 
 48 9.07 ± 0.91 8.85 ± 0.67 
Mean Corpuscular Volume 
(fL) 
0                   -                   - 
 12                   -                   - 
 24 32.82 ± 2.58 31.91 ± 3.40 
 48 32.77 ± 2.65 31.68 ± 3.61 
Platelet (K/µL) 0                   -                   - 
 12                   -                   - 
 24 458.94 ± 109.63 399.22 ± 220.14 
 48 444.62
a
 ± 99.01 387.66
b
 ± 180.61 
 Eosinophil (K/µL) 0                   -                   - 
 12                   -                   - 
 24 0.57 ± 0.30 0.63 ± 0.32 





Table 7. Lactate Dehydrogenase B G348A SNP relationship to immune response measures. 
a,b
P < 0.10 
c,d 












Time       





                                                                                                             Genotypic Averages  
       
                GG 
        
               GA 
       
                AA 
 
Skin Fold Thickness (mm) 0 3.07 ± 1.07 3.02 ± 0.92 3.00 ± 0.80 
 12 8.38 ± 1.94 8.48 ± 173 7.54 ± 1.23 
 24 5.88
c
 ± 1.03 5.97
c
 ± 1.06 5.22
d
 ± 0.90 
 48 4.07 ± 1.00 3.91 ± 0.72 3.95 ± 0.65 
White Blood Cell (K/µL) 0            -            -            - 
 12            -            -            - 
 24 12.41 ± 2.53 11.72 ± 2.41  11.48 ± 3.13 
 48 12.01 ± 2.12 11.07 ± 2.34 10.80 ± 2.55  
Neutrophil (K/µL) 0            -            -            - 
 12            -            -            - 
 24 4.39 ± 1.93 4.15 ± 0.95 4.02 ± 1.18 
 48 4.33 ± 1.48 3.96 ± 1.13 3.75 ± 0.91 
Lymphocytes (K/µL) 0            -            -            - 
 12            -            -            - 
 24 6.89 ± 1.03 6.44 ± 1.70 6.34 ± 1.90 
 48 6.69 ± 0.75 6.15 ±1.61 6.19 ± 1.62 
Red Blood Cell  (M/µL) 0            -            -            - 
 12            -            -            - 
 24 9.13 ± 0.91 8.99 ± 0.83 9.26 ± 0.51 
 48 9.17 ± 0.91 8.94 ± 0.95 9.23 ± 0.80 
Mean Corpuscular Volume (fL) 0            -            -            - 
 12            -            -            - 
 24 31.73
a
 ± 1.92 33.19
b
 ± 3.01 32.57
a,b
 ± 1.96 
 48 31.70
a
 ± 1.85 33.09
b
 ± 3.12 32.48
a,b
 ± 2.38 
Platelet (K/µL) 0            -             -            - 
 12            -             -            - 
 24 469.09 ± 91.74 464.48 ± 140.26 384.81 ± 114.75 
 48 464.00
a
 ± 61.31 444.97
a
 ± 122.74 372.00
b
 ± 114.60 
 Eosinophil (K/µL) 0            -             -            - 
 12            -             -            - 
 24 0.57 ± 0.34 0.59 ± 0.27 0.56 ± 0.33 





Table 8. Prolactin C1286T SNP relationship to immune response measures. 
a,b















     
 
 
                 Genotypic Averages 
                 
                            CC 
            
                       CT 
          
                    TT 
 
Skin Fold Thickness (mm) 0 3.11 ± 0.90 3.17 ± 1.02 2.85 ± 1.10 
 12 8.19 ± 1.69 8.39 ± 1.77 8.92 ± 1.69 
 24 5.73 ± 0.99 5.88 ± 1.04 6.28 ± 0.80 
 48 4.16 ± 0.84 3.94 ± 0.72 3.71 ± 0.99 
White Blood Cell (K/µL) 0                       -                     -                   - 
 12                       -                     -                   - 
 24 11.82 ± 1.66 11.91 ±2.76 11.80 ± 3.86 
 48 10.97 ± 1.34 11.36 ± 2.68 11.23 ± 2.83 
Neutrophil (K/µL) 0                       -                     -                   - 
 12                       -                     -                   - 
 24 4.09 ± 0.86 4.22 ± 1.09 4.72 ± 3.20 
 48 3.74 ± 0.67 4.19 ± 1.29 3.94 ± 1.75 
Lymphocytes (K/µL) 0                       -                     -                   - 
 12                       -                     -                   - 
 24 6.67 ± 0.84 6.54 ± 1.95 5.95 ± 0.31 
 48 6.42 ± 0.95 6.19 ± 1.75 6.20 ± 0.61 
Red Blood Cell  (M/µL) 0                       -                     -                   - 
 12                       -                     -                   - 
 24 9.07 ± 1.04 8.95 ± 0.73 9.16 ± 0.92 
 48 8.98 ± 1.08 8.95 ± 0.72 9.39 ± 1.05 
Mean Corpuscular Volume (fL) 0                       -                     -                   - 
 12                       -                     -                   - 
 24 31.61
a
 ± 1.84 33.42
b
 ± 3.01 32.05
a,b
 ± 2.05 
 48 31.58
a
 ± 1.80 33.37
b
 ± 3.08 32.25
a,b
 ± 2.71 
Platelet (K/µL) 0                       -                     -                   - 
 12                       -                     -                   - 
 24 482.71 ± 118.10 420.68 ± 144.05 464.28 ± 114.87 
 48 462.00 ± 109.52 411.47 ± 126.84 433.00 ± 82.16 
 Eosinophil (K/µL) 0                       -                     -                   - 
 12                       -                     -                   - 
 24 0.53 ± 0.27 0.61 ± 0.30 0.58 ± 0.47 





Table 9. Prolactin G8398A SNP relationship to immune response measures. 
a,b




















                Genotypic Averages 
 
 
             
                GG 
       
               GA 
        
                       AA 
 
Skin Fold Thickness (mm) 0 3.22 ± 0.97 2.94 ± 0.96 2.88 ± 0.65 
 12 8.25 ± 1.73 8.45 ± 1.72 8.11 ± 2.04 
 24 5.85 ± 1.06 5.88 ± 1.12 5.66 ± 0.86 
 48 4.11 ± 0.84 3.87 ± 0.70 3.61 ± 0.78 
White Blood Cell (K/µL) 0               -            -           - 
 12               -            -           - 
 24 11.83 ± 1.94 11.80 ± 2.79 12.20 ± 3.61 
 48 11.08 ± 1.63 11.37 ± 2.71 11.16 ± 2.72 
Neutrophil (K/µL) 0               -            -           - 
 12               -            -           - 
 24 4.06 ± 0.86 4.21 ± 1.08 4.73 ± 2.81 
 48 3.80 ± 0.70 4.22 ± 1.31 3.77 ± 1.61 
Lymphocytes (K/µL) 0               -            -           - 
 12               -            -           - 
 24 6.70 ± 1.08 6.46 ± 1.97 6.25 ± 1.48 
 48 6.40 ± 1.08 6.19 ± 1.77 6.33 ± 1.26 
Red Blood Cell  (M/µL) 0               -            -           - 
 12               -            -           - 
 24 9.19 ± 0.92 8.88 ± 0.70 9.28 ± 0.75 
 48 9.12 ± 1.06 8.94 ± 0.68 9.20 ± 0.95 
Mean Corpuscular Volume (fL) 0               -            -           - 
 12               -            -           - 
 24 31.85
a
 ± 2.38 33.28
b
 ± 2.82 33.74
b
 ± 2.43 
 48 31.70
a
 ± 2.49 33.24
b
 ± 2.89 33.81
b
 ± 2.43 
Platelet (K/µL) 0               -            -           - 
 12               -            -           - 
 24 473.41 ± 100.78 430.41 ± 151.27 458.11 ± 98.01 
 48 457.67 ± 92.41 418.36 ± 132.64 443.44 ± 69.22 
 Eosinophil (K/µL) 0               -            -           - 
 12               -            -           - 
 24 0.54 ± 0.27 0.59 ± 0.31 0.65 ± 0.40 





Table 10. Prolactin A1128G SNP relationship to immune response measures. 
a,b






















                        Genotypic Averages 
 
 
   
              AA 
 
              AG 
 
Skin Fold Thickness (mm) 0 3.04 ± 0.91 3.00 ± 0.98 
 12 8.29 ± 1.79 8.47 ± 1.68 
 24 5.79 ± 1.01 5.91 ± 1.17 
 48 3.94 ± 0.75 3.94 ± 0.87 
White Blood Cell (K/µL) 0                        -                        - 
 12                        -                        - 
 24 11.77 ± 2.77 11.98 ± 1.62 
 48 11.12 ± 2.48 11.37 ± 1.45 
Neutrophil (K/µL) 0                        -                        - 
 12                        -                        - 
 24 4.19 ± 1.46 4.23 ± 0.67 
 48 3.92 ± 1.22 4.13 ± 0.82 
Lymphocytes (K/µL) 0                        -                        - 
 12                        -                        - 
 24 6.48 ± 1.66 6.61 ± 1.24 
 48 6.28 ± 1.48 6.24 ± 1.30 
Red Blood Cell  (M/µL) 0                        -                        - 
 12                        -                        - 
 24 9.06 ± 0.79 8.95 ± 0.89 
 48 9.02 ± 0.82 9.10 ± 1.11 
Mean Corpuscular Volume (fL) 0                        -                        - 
 12                        -                        - 
 24 33.09
a
 ± 2.82 31.71
b
 ± 1.93 
 48 33.05
a
 ± 2.85 31.74 
b
± 1.98 
Platelet (K/µL) 0                        -                        - 
 12                        -                        - 
 24 444.30 ± 122.14 482.38 ± 144.80 
 48 432.28 ± 102.75 454.00 ± 141.86 
 Eosinophil (K/µL) 0                        -                        - 
 12                        -                        - 
 24 0.57 ± 0.30 0.57 ± 0.29 





Chapter V: Conclusion 
 
Number of animals used in this study was limited, but the data indicates relationships 
between LDH enzymatic activity and PRL concentration to physical, hormonal, and immune 
response manifestations. Lactate dehydrogenase B and PRL genotype expression appear to be 
useful in determining physical, hormonal, and immune response manifestations.  Timing and 
handling appear to be of consideration to response of each in regards to hormonal and metabolic 
connections. Environmental considerations may have masked genotypic response. Further 
research is needed to verify these results and to determine if LDHB and PRL single nucleotide 






























































Appendix A. Puregene DNA purification from buffy coat prepared from 3 ml whole blood. 
 
Cell Lysis 
1. Add 150-250 µl buffy coat prepared from 3 ml whole blood to a 15 ml centrifuge tube 
containing 3 parts RBC Lysis Solution (250 µl buffy coat sample with 750 µl RBC Lysis 
Solution). Invert the mixture 5-10 times and incubate at 10 minutes at room temperature. 
Invert again at least once during the incubation. 
 
2. Centrifuge at 3,000 x g for 15 minutes. Remove the supernatant leaving behind the white 
cell pellet and about 100-200 µl of the residual liquid. 
 
3. Vortex the tube vigorously to resuspend the cells in the residual liquid.  
 
4. Add 3 ml Cell Lysis Solution to the buffy coat and pipet up and down or vortex on high 
speed for 10 seconds to lyse the cells. Incubate @ 37ºC or room temperature until the 
solution is homogenous if cell clumps are visible. 
 
Protein Precipitation 
1. Add 1 ml Protein Precipitation Solution to the cell lysate. 
 
2. Vortex vigorously at high speed for 20 seconds to mix the Protein Precipitation Solution 
uniformly with the cell lysate. 
 
3. Centrifuge at 3,000 x g for 10 minutes. Proteins will form a tight brown to white pellet. 
 
DNA Precipitation 
1. Pour the supernatant containing the DNA (leaving behind the precipitated protein pellet) 
into a clean 15 ml centrifuge tube containing 3 ml 100% Isopropanol (2-propanol). 
 
2. Mix the sample by inverting gently 50 times. 
 
3. Centrifuge at 3,000 x g for 10 minutes. The DNA is visible as a small white pellet. 
 
4. Pour off the supernatant and drain the tube for 10 minutes on a clean absorbent paper. 
Add 3 ml 70% ethanol and invert the tube several times to wash the DNA pellet.  
 
5. Centrifuge at 3,000 x g for 10 minutes. Carefully pour off the ethanol. 
 




1. Add 250 µl DNA Hydration Solution. 
 





3. Briefly centrifuge the sample and transfer to storage tube. 
 
4. Store DNA at -20ºC or -80ºC. 
 
